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Summary of objectives, conclusions, and inplications with respect to OCS oi
and gas devel opnent

A njectives

The research undertaken for OCSEAP and reported here covers two main scien-
tific areas: (1) the trends in benthic fauna community structure with increasing
depth and distance from shore and (2) the structure and dynamcs of the nearshore
sea ice faunal assemblage and its relationship to the benthos and zoopl ankton.
Addi tional objectives include the characterization of organic flux to-the sedi-
ments beneath the sea ice and the submittal of appropriate voucher specimens to the
California Acadeny of Sciences

B.  Concl usions

Maj or conponents of the invertebrate fauna have been analyzed for cross-conti-
nental shelf trends in distribution, taxonom ¢ conposition, species richness and
abundance.  The macrobenthos (>1.0 mm and megabenthos (>1,3 cn exhibit opposite
patterns in numerical density seaward of 5 m depth. The macrofauna are nost abun-
dant nearshore, while the megafauna are nmost numerous at the shelf edge and the
upper part of the continental slope. The macrofaunal bionass peaks on the upper
slope. The major conponents of the increased densities and bionmass are polychaete
worns, mainly Mnuspio cirrifera for the macrofauna, and several species of ophi-
uroids for the megafauna. Species richness for five 0.1 nfgrab sanples for the
pol ychaete wornms and bival ve molluscs is maxi mum on the inner shelf. Species rich-
ness and total numerical density of polychaetes are high in shallow water in con-
trast to tenperate open coastal environments. The |ow wave turbul ence which is the
result of danping effects of sea ice is suggested as the cause. The nunerica
density and biomass of the macro- and megafauna of the SW Beaufort Sea are simlar
to those found in rich environnents in tenperate environments

As a nunber of the anphipods are abundant in coastal waters and are prom nent
menbers of the prey consumed by arctic cod and many fishes, this segment of the
Beaufort food web is probably an inportant part of the food chain of key species of
fish, birds and manmmals. Assessnents of this comunity provide a foundation upon
which to base industrial decisions that inpinge on the Beaufort Sea environment.

The flux of organic carbon to the shallow inner continental shelf comunities
is sufficiently high to provide an early source of newy-fixed carbon. The flux
rates remain high throughout the spring period. Fecal pellets, particularly from
the ice anphipod Pseudalibrotus (=Onisinus) litoralis, consist alnobst entirely of
ice diatom fragnments. Though several large particles can be identified and flux
rates estimted, nuch of the organic material is of an unidentifiable detrita
nature

The benthic macrofauna is distributed roughly into a nearshore group (5-15 m
depth) and a nore widely spread shelf group of species. There are also outer shelf
species at the edge of the continental shelf at depths of 70 to 100 neters. A
study of the patterns of nunerical densities of dom nant species denonstrates that
most broadly distributed species of bivalve mlluscs, gamarid anphipods and poly-
chaete worms have an optinmumdepth zone within which they are markedly nore abun-
dant. A nunber of species exhibit a binodel pattern in abundance with the m ni num
centered at the region of the sea ice shear zone indicating that the ice gouging
itself or secondary effects arising from this process causes a detrinmental environ-
mental stress.

The sea ice algal community appears to be an inportant source of carbon to the
Beaufort Sea food web. Studies on the fauna associated with the undersurface of
the sea ice during the spring nonths indicate that both neiofauna (63 um~500 um)
and macrofauna (>500 pm) are present. In shallow oceanic waters, the neiofaunal
groups increase significantly in nunbers during May-June while benthic species of




anphipods are tw ce as abundant at the ice-water interface as on the sedinments.
Evi dence indicates these animals are grazing on the pennate diatons grow ng there.
Al though the density of neiofauna within the ice is |low conpared to that typi-
cally found in sedinents, it is nuch higher than had previously been reported from
sea ice. Nematodes are the nunerically dom nant group, but copepods and turbellar-
ians are al so abundant. The life-histories of the two nmost nunerous copepods have
been exam ned and found to be very different. Cyclopina gracilis appears to repro-
duce continuously during the study, while Harpacticus sp. mates in the ice but does
not appear to undergo a conplete reproductive cycle there. An experinent was
carried out to test the hypothesis that pelagic organisms prey on ice fauna, but
the results are inconclusive

c. Inplications

Ext ensive exploratory and production drilling for petroleumon the A askan and
Canadi an continental shelf has the potential to significantly influence the marine
benthic environnent and its associated biota. Although it is not possible to accu-
rately predict the specific consequences of oil and gas devel opnent on the inverte-
brate species and the benthic food web, the addition of descriptive baseline data on
species distribution, conposition and abundance now permts refined estinmates of the
variability occurring within the benthic community through both space and tine. It
IS these estinmates which are necessary in sorting out the naturally-occurring
changes in the biota fromthose induced by the future devel opment of the petrol eum
i ndustry.

The benthos of the Beaufort Sea continental shelf represents |arge concentra-
tions of biomass that are potential food for many predatory organisns. As the ben-
thic food web | eads to many critical marine vertebrate species and to nman, a deter-
mnation of the distributional ecology and of biological rates is necessary for an
understandi ng and nodelling of the food webs of the sensitive species. Though envi-
ronnental assessment decisions based on biol ogi cal concerns may be nade primarily on
the species critical to man’s food supply or to the environmental |y concerned pub-
lic, the benthos nust also be considered in their role as a food source for many of
these species. The distribution and abundance of benthic invertebrate prey may well
affect the distribution, abundance, reproductive rates, growh rate and nortality
rate of the critical vertebrate predators.

Bi ol ogical rates dictate how much bionass is produced and, therefore, how nuch
food will be available to predators. So little is known about the basic biol ogy of
marine organisns in the Arctic that static data based only on standing stocks does
not reveal the level of available food supply. Large standing stocks of benthos
could be conprised of old, slowy growing and slowy reproducing species. The tine-
series of benthic macrofaunal sanpl es taken across the continental shelf along the
standard OCS Pitt Point Transect now provides excellent material with which to ex-
plore sone of these problenms pertinent to the benthic food web. By determning the
recruitnent pattern of domi nant species of a number of taxonomc groups across the
shelf, estimates can be made of the reproductive rate of these species popul ations.
Anal yses of growth and nortality rates provide data on the biological activity and
secondary production rates of dom nant species. For instance, such anal yses of
ganmari d anphipods that are known to be primary food sources for arctic cod yield
basic data on the food supply to that fish under Beaufort Sea conditions.

The work on the epontic community has been a necessary step in understanding.
the role of the benthos in the arctic ecosystem The degree of |inkage between the
under-ice and sedimentary conmunities has been exam ned to determ ne potential ener-
gy pathways and possible reproductive cues to the underlying benthic communities.
The gammarid anphipods, the dom nant menbers of the ice mcrofauna, are inportant
sources of food for arctic cod and other critical species, and these anal yses add to
our understanding of repopulation rates for benthic conmunities deci nated by preda-
tors or by pollution events
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[ | NTRCDUCTI ON

A General Nature and Scope of Study

Fundamental questions in the field of marine benthic ecol ogy continue to in-
vol ve causes for the spatial and tenmporal patterns of the distributions and abun-
dance of species and species groups. Wile answers lie in both the processes in-
volved with species interactions and in species-environmental relationships, corre-
| ative studies of species distributions and abundances al ong environnental gradi’
ents are a basic step in the initiation of such research. Insight into the rela-
tive inportance of environmental and biological interactions can be obtained by
contrasting sinmlar data from differing environments and ecosystens.

Many such distributional studies have been undertaken in tenperate waters, and
sedi nent type, tenperatures, depth, food input, currents and other environnental
features have been inplicated as basic physical and chenmical influences on benthic
ecol ogical patterns in particular regions. However, there are few results reported
in the literature contrasting data from markedly different environments that allow
an evaluation of the relative inportance of various aspects of the benthic environ-
ment. Over the |ast decade the benthic mcrofauna has been studied extensively and
aspects of the taxonomic conposition and abundance are fairly well known in the
southern Beaufort Sea (MacGnitie, 1955; Carey et al., 1974; Wcasey, 1974; Carey
and Ruff, 1977; Bilyard and Carey, 1980). However trends in the benthos from the
coastal zone to the deep-sea or of size classes other than the macrofauna are gen-
erally lacking. Trends in the abundance and species richness of the benthic macro-
fauna (1.0-13 nmm and negafauna (>1.3 cn) across a broad spectrum of bottom envi-
ronments can provide insight into species environmental interactions,

The ability to predict benthic faunal distribution and abundance patterns pro-
vides a useful approach to estimating potential pollution problens associated with
oil exploration and production on the Al askan continental shelf. These patterns
assume different scales depending on the size of animals, the degree of environnen-
tal disturbance, and the patchiness of the environment. Therefore, when possible
the organisms fromthe width of the size spectrum should be studied for deternina-
tion of ecological patterns for the comunity.

Benthic ecological studies on the Beaufort Sea continental shelf have included
functional process-oriented research that is built upon an accunul ated base of de-
scriptive information on the invertebrate organisms and environnental measurenents.
Changes in the nunmerical abundance and biomass of the macrobenthos (1.0-13 nm and
megabenthos (>13 m) have been exanmined at stations across the shelf. Research on
the interrelationships between the underice epontic community and the associated
sedinentary bhiota has been undertaken.

Concentrated study of the Beaufort Sea continental shelf benthic invertebrates
was not initiated until the early 1970's. As very little was known about the fauna
at the beginning of the exploration and devel opmental phases of the petrol eum
fields on the Alaskan North Slope, the early research involved basic survey work on
the 1971 and 1972 US Coast Guard oceanographi c cruises (WBSEC 71 and WEBSEC 72).
Detailed analysis of benthic comunities and identification of the total polychaete
worm fauna over a wide range of depths was acconplished. Further continental shelf
survey sanpling was then continued under the OCSEAP with the cooperation of the
Coast CGuard and their Beaufort Sea icebreaker program Wth NOAA's interest and
| ogi stics support, seasonal sanpling and study of tenporal changes in the continen-
tal shelf comunities was acconplished for the first tine.

During the first year of operation a major objective was the summarization of
literature and unpublished data pertinent to the Beaufort Sea. A significant
amount of this information came from the work-up of the sanples and the analysis of
the data already on hand at Oregon State University as a result of the WEBSEC in-
vestigations. The objectives under the present research contract enphasize the
delineation of the benthic food web and the description of the coastal benthos.



Mich of the Beaufort Sea fauna has now been characterized at the species |evel, and
detailed studies on tenporal changes in the continental shelf benthic conmunities
are underway.

Research has been undertaken in cooperation with other scientists which is
oriented toward understanding the processes that maintain the nearshore and |agoon-
al ecosystems. O particular interest is the source of carbon that fuels the het-
erotrophic organisms living within the system In lower latitude oceanic waters
most of the carbon fixed by photosynthesis is ultimately derived fromthe phyto-
plankton, but in coastal waters nuch of the organic material may be |and-derived.
Water acts as a three-dinensional reservoir and transporter of organic carbon
t hrough a conplex cycle that involves the interactions of nunerous mnarine organ-
ism. The benthos as an ecol ogi cal group depend to a large extent on detritus that
falls down to them In the ice-covered waters of the Arctic, the epontic diatons
on the undersurface of the sea ice are an added source of carbon to the system
(Honmer, 1976), and in shoal waters benthic algae add to the primary production
(Mat heke and Horner, 1974).

The underice diatom bl oom has been docunented in coastal waters in the Chukchi
Sea off Barrow, Al aska (Honer and Al exander, 1972), in the Eskinp Lakes region
(Gainger, 1975), and in Stefansson Lagoon (Homer and Schrader, 1982). Though its
areal extent either in coastal waters or offshore over the continental shelf Is not
known, it has been suggested that these epontic diatons could be an inportant ener-
gy source within the southern Beaufort Sea ecosystem (Clasby et al., 1973). It is
most pertinent to note that Schell (RU #537) recently neasured substantial concen-
trations of chlorophyll on the undersurface of Beaufort Sea ice to a distance of
100 n.m offshore (Schell, personal conmmunication). The existence of the algal
epontic comunity in oceanic waters suggests that primry production in this com
munity is indeed energetically inportant to the total Beaufort Sea ecosystem Al -
t hough no direct nmeasurenents have been nade, the pennate diatoms may fall to the
sea floor upon ice nelt in June (Mtheke and Honer, 1974) thus providing a supple-
mentary route for organic carbon to reach the benthos.

Nuner ous organi sns have been sanpled in association with the ice-sea water
interface as the diatom bl oom progresses through the nonths of April, My and June.
Nemat ode worns are the nost abundant, but harpacticoid copepods, anphipods and
polychaete |arvae have also been observed on the underice surface. The coastal
anmphi pod Onisinus affinis, an inportant menber of the demersal fish food chain, has
been reported as mgrating up to epontic comunity presumably to feed (Percy,

1975). Although the degree of |inkage between the underice epontic comunity and
the benthic comunity beneath is not known, it has been hypothesized that the sink-
ing of detritus and diatom cells could provide a sizeable downward organic input to
the underlying benthos. The vertical mgration of benthic fauna up to the ice
undersurface could provide these invertebrates with a significant source of energy-
rich organics.

B. Specific njectives
1. Analysis of the cross-shelf trends in the [arge macrofauna (>1.0 mm
and the megafauna (>1.3 cm offshore of Harrison Bay.

a. Determnation of the patterns of distribution, numerical density,
bi onass and feeding type of the benthic invertebrate fauna across
the Al askan arctic continental shelf.

h. Conparison of the ecological patterns of the arctic macrofauna
(>1.0 M with those of the mega-epifauna (>1.3 cn .

c. Comparison of the ecological patterns of the arctic benthos with
those from tenperate regions.

d. Evaluation of the controlling features of the arctic benthic

envi ronnent .



2. Tinme-series |aboratory studies on the neiofaunal (>63 um) sanples and
| arge macrofaunal (>1.0 nm) sanples from seasonal sea ice off Narwha
I sl and (1980).
a. Definition of the species conposition and abundance of the ice
mei of aunal community for the period 1 April through 10 June
1980.
b. Determnation of the life histories of dominant ice harpacticoid
and cyclopoid copepods for the period of study, April through
10 June 1980.
c. Description of the tenporal changes in the ice mcrofauna.
3. Analysis of organic particles collected at the benthic boundary dur-
ing the 1980 sea ice faunal studies.
a. ldentification and quantification of the particles.
b. Determnation of the total flux of Oass, carbon and nitrogen for
the particle trap experinents.
4. Provide the California Acadeny of Science with a well-labelled, rep-
resentative collection of benthic invertebrate species.

c. Relevance to Problens Associated with Petrol eum Devel opnent

1. Cross-shelf Trends

Extensive exploratory and production drilling for petroleumon the A askan and
Canadi an continental shelf has the potential to significantly influence the marine
benthic environnent and its associated biota. Although it is not possible to accu-
rately predict the specific consequences of oil and gas devel opment on the inverte-
brate species and the benthic food web, the addition of descriptive baseline data
on species distribution, conposition and abundance now pernits refined estinates of
the variability occurring within the benthic community through both space and tine.
It is these estimates which are necessary in sorting out the naturally-occurring
changes in the biota fromthose induced by the future devel opnent of the petrol eum
i ndustry.

Detrinmental inpact on the marine environment and its associated bhiota is a
maj or concern in offshore petroleum exploration and production. Potential environ-
mental problens are very real in the southern Arctic Ccean (Beaufort Sea) where
initial discoveries indicate significant oil concentrations under the inner conti-
nental shelf. The imense forces of the moving pack ice and the extrenely cold
tenperatures accentuate the dangers of acute and chronic oil spills. These poten-
tial inmpacts cannot be sufficiently evaluated until the roles of various biologica
production processes in the polar ecosystem are known.

The benthos concentrated at the |ower boundary of the oceans represents a
potential source of food in the Beaufort Sea for a range of predators. Large
standing stocks of benthic biota are found at the edge of the continental shelf
(Carey and Ruff, 1977). Though many aspects of the benthic food web are unknown it
is evident that the epibentic crustaceans on the inner shelf are a segment of the
benthic community that are pivotal in the food web leading to critical marine ver-
tebrate species and to man (Giffiths and Dillinger, 1981). As the nunerical den-
sity and standing stocks of organisms are the resultant of many biol ogical proces-
ses, the determnation of biological rates is also mandatory for a realistic ener-
getic model of an ecosystem Furthermore, the benthic food web may indirectly as
well as directly influence the secondary production of narine animal species that
are inmportant to man. It is likely that the distribution and abundance of sone of
these critical species are influenced by the distribution and abundance of benthic
prey species. Utimtely growth and nortality rates control bhiological secondary
production rates of the dom nant species. Such analyses of gammarid anphipods that



are known to be primary food sources for arctic cod can yield basic data on the
food supply to that fish under Beaufort Sea conditions

Life history information is relevant to managenent decisions concerned with
environmental disturbance and the repopul ation rates of the benthic communities in
disturbed areas. If the nearshore fauna is reproductively already adapted to fre-
quent environnmental disturbance caused by storm wave turbulence or by i1ce gouging
an area subjected to an oil spill or other man-caused event mght be expected to
repopulate rapidly. Mjor changes in the benthic communities associated with a
pol lution event may therefore be found to fall within the [imts of natural varia
bility for these invertebrate popul ations

2. lce Fauna

Research on the underice epontic conmunity in the Beaufort Sea has great rele-
vance to environnental assessment decisions before, during and after exploratory
and production phases of petroleum devel opment. This potentially significant
source of plant production and possible significant portion of the nmarine food web
is open to large-scale and direct degradation by any under-ice oil spill. Specifi-
cally, it is evident fromour 1980 spring studies seaward of Narwhal Island at a
wat er depth of 9 meters that vagile benthic crustaceans such as the gammarid anphi-
pod Pseudalibrotus litoralis swmup to the ice algal layer for grazing. Epiben-
thic crustaceans such as the gammrids are an inportant source of food for the
young arctic cod (Sekerak, unpublished manuscript). It has been suggested by many
authors (Clashy et al., 1973; Honer, 1976; Hameedi, 1978) that there is a downward
flux of ice diatons and detritus that provides food for the benthic fauna bel ow.

I ndi cations point to a productive under-ice diatom comunity (Casby et al.

1973; Honer, 1976; Dunbar and Acreman, 1980) that is w despread (Schell, personal
comuni cation) in Beaufort Sea waters and that may be a major link in the food web
of many species of marine vertebrates and of man. Assessments of this comunity
provi de a foundation upon which to base industrial decisions that inpinge on the
Beaufort Sea environment.

In the hazardous arctic environnent an oil well blowut or subsea pipeline
rupture by a grounded ice ridge during the nine nonth ice-covered season coul d
endanger the local ice biotic conmunity and its associated food web. As the food
web extends to marine manmals, birds and other top predators in the Beaufort Sea
the ramfications of detrimental pollution at the ice-water interface are essentia
to consider. Know edge of the structure, function and ecology of the sea ice biot-
ic community will aid in estimating possible damage and in devel oping techniques
and technology to dimnish such problens.

3. Particle flux

The falling of large particles provides the major nechanismfor significant
fluxes of organic materials, sedinents, elements and contaminants. Large particle
fluxes are significant in shallow waters in the Arctic (Carey, unpublished; Pett et
al., 1983) and in tenperate waters (Smetacek, 1980) and even to deep-sea depths
(Honjo and Roman, 1978; MeCave, 1975). Pollutants incorporated in, or adsorbedto,
large particles could be rapidly transported to the sea floor and to the associ ated
benthic comunities. As anphipod and nysid crustaceans and other epibenthos are
integral links in the arctic food web (Giffiths and Dillinger, 1981), oil spills
and other man-caused pollution could be transported to the benthic food web via
|arge particles. This is particularly likely for the particle link between the
underice biotic comunity and the benthos beneath in shallow water. Pipeline rup-
tures and oil well blowouts during the ice-covered periods of the year would con-
centrate under the ice and be susceptible to bio-transport to the bottom during the
growth phases of the ice comunity in the latter parts of the arctic spring
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[11.  Current State of Know edge

A Benthic Fauna
Wth the discovery of large oil reserves on the North Sl ope of Al aska, funda-

mental ecol ogi cal studies have provided extensive know edge since 1971 of the ben-
thic fauna of the southwestern Beaufort Sea. Numerous collections have been nade

of the littoral and shallow sublittoral fauna by Broad (1977), of the |agoon fauna
(Giffiths and Craig, 1979), of shallow nearshore environments (Feder et al., 1976)
and of fshore environments (Carey, 1981; Frost and Lowy, 1983). This review con-

centrates on the offshore fauna.

Ecol ogical patterns of distribution and abundance of the benthos have been
synthesized as a result of surveys of infauna and epifauna across the southwestern
Beaufort Sea continental shelf and slope (Carey, quarterly and annual reports 1976-
1981, RU #006). The analysis of the distribution and abundance of the benthic
macrof auna species was undertaken to define possible limts and zones of abundance
of coastal shelf and outer shelf fauna. The shelf data were conpiled from three
OCS cruises fromthe sumers of 1976-78 and the slope data froma 1971 WBSEC
cruise and the 1978 QOCS cruise. From extensive studies. of polychaete worns, gam
marid anphi pods and bival ve nolluscs there are nearshore., outer shelf and upper
sl ope faunal groups (Carey, 1981; Carey et al., 1984). The benthic mcrofauna
appear to be depressed in the 20-25 m depth range, probably caused by the direct
and indirect effects of ice gouging into the bottom sedinents. There is a maxinum
of nunerical abundance and biomass of the macrofauna in much of the southwestern
Beaufort Sea at the edge of the continental shelf and the upper continental slope
(Carey and Ruff, 1977).

The degree of tenmporal variability of the benthic communities across the shelf
is correlated with depth. The fauna at the shelf edge appear to undergo seasonal
changes, though many domi nant species of mcrofauna reproduce at a low rate over a
long period of time (Carey, 1981). Over a three-year period, a prelinmnary analy-
sis of sumrer abundance of 25 species of bivalve nolluscs and 24 species of poly-
chaetous annelids indicates no marked changes in community structure. Rank order
of abundance anal ysis denonstrates changes in the dom nant species during the
three-year period, but generally the dom nant species tend to remain in the top
three or four.

B. Ice Fauna

Detailed quantitative studies focused on arctic and subarctic ice fauna have
been undertaken only in the last decade. Explorers and scientists on early expedi-
tions to the Arctic observed anphipods and other organisns associated with ice and
ice edge environnents, but these observations were often incidental and vague
(e.g., Nansen, 1906). Early taxonomc works (MacGnitie, 1955) and nore recent
quantitative and process-oriented studies on ice algae (Apollonio, 1965; Homer,
1977) also noted the types of fauna associated with ice living on the ice under-
surface. Research on these faunal assenbl ages was first undertaken in the Arctic
during the sunmmer and fall of 1970 and 1973 by Golikov and Averincev (1977) along
the coasts of Heve Island, Al exandra Land, Rudolph Island and Victoria Island in
the Franz-Josef Land Archipelago in the Barents Sea. This extensive work utilized
SCUBA diving to study the benthic and ice faunal assenbl ages on the shal |l ow shelf.

Because Russian and Polish scientists were anong the early workers in Antarc-
tic ice faunal research (Guzov et al., 1968; Rakusa-Suszczewski, 1972), it is not
surprising that they also pioneered ice faunal research in the Arctic. Research on
ice fauna began in Canadian and US waters in 1979 when Cross (1982) and Bradstreet
and Cross (1982) undertook extensive studies of the marine ecosystemin Pond Inlet,
Baffin Bay in the eastern Canadian Arctic. In 1979 Carey and Mntagna (1982) also
initiated ice faunal research in Stefansson Sound near Prudhoe Bay, Al aska in the
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sout hern Beaufort Sea. Additional research was undertaken on the inner shelf sea-
ward of Narwhal Island in the Prudhoe Bay region of A aska (Kern and Carey, 1983;
Carey, 1982; Boudrias and Carey, unpublished). Research on the animls associated
with the undersurface of sea ice has continued in MKinley Bay on the Tuktoyaktuk
Peni nsul a, southeastern Beaufort Sea (Pett et al., 1983), in Frobisher Bay 1979
1981 (Gainger and Hsiao, 1982) and at the pack ice edge in the Barents Sea
(Qulliksen, in press). A nore southern study was undertaken by Dunbar and Acreman
(1980) in the Gulf of St. Lawence; though the research was oriented toward the ice
al gae, observations were also made on the fauna. Dunbar had worked on arctic and
subarctic zooplankton earlier and had sunmarized data on anphipod species known to
associate with the sympagic environnent (Dunbar, 1946, 1964).

Some of the earliest observations on animals associated with sea ice came from
MicGnitie's extensive year-round systematic and natural history research on marine
invertebrates in the Point Barrow, Alaska region from 1948 to 1950 (MacGnitie,
1955). He reported that nunerous anphi pods (Apherusa glacialis) |ived under ice
floes during the summer nmonths in the northeast Chukchi Sea in the vicinity of the
US Naval Arctic Research Station.

Qher early observations on ice fauna cane from workers involved in the nmulti-
di sciplinary research conducted on the floating ice island research station T-3
(Mhr and Tibbs, 1963; Barnard, 1959) and fromice algal studies. Barnard (1959)
reported on nunerous anphipods captured beneath pack ice adjacent to the ice island
by baited traps, but no direct observations were nmade on their in situ behavior and
ecology at the ice undersurface. Data were not available fromthese early studies
on absol ute abundance, feeding behavior or thigmtactic affects of ice. Apollonio
(1965) observed abundant gammarid anphipods that were “undoubtedly feeding on
al gae” while he was making collections on the ice undersurface near Devon Island in
the Canadian Arctic for determ nations of chlorophyll concentrations. Honer and
Al exander (1972), Cashy et al. (1976) and Homer (1977) reported flagellates,
hel i ozoans, hypotrichous ciliates, abundant nematodes, polychaete |arvae, turbel-
larians, harpacticoid copepods and anphi pods as part of the ice conmmunity. The
anphi pods were observed living on the undersurface of nearshore ice, and it was
noted that their fecal pellets contained fragments of ice diatons.

Once SCUBA diving in polar ice-covered waters was proven to be feasible (Peck-
ham 1964), quantitative studies on the structure and function of the sea ice com
munities became possible. The scientific field rapidly devel oped (Guzov et al.,
1968; Cashy et al., 1973) as the use of this diving technology pernmitted direct
observation, quantitative sanpling, and in situ experimentation. A number of spe-
cialized sanpling devices have been utilized to sanple the ice under-surface from
above through holes augered in the ice (Guzov et al. , 1968; Rakusa-Suszczewski,
1972; Gainger and Hsiao, 1982). However, the ice-water interface consists of soft
ice and fragile open crystalline structures (Kovacs and Mellor, 1974) that often
cannot be effectively sanpled or studied from above with standard coring devices
(Cashy et al., 1973). The study of the arctic ice faunal community has devel oped
so rapidly that nuch of the information collected remains unpublished and is avail-
able only in a variety of data reports, particularly those recently conpiled for
environnmental inpact assessnent research oriented toward the oil industry for their
oil exploration in offshore waters.

The true ice macrofauna (>0.5 m) is alnost entirely conposed of gammarid
anmphi pods (Giffiths and Dillinger, 1981, Carey, 1982). There appear to be four
mai n mecrofaunal synpagic comunities: (1) the protected |agoon/bay fast ice com
munity domi nated by Gammaracanthus loricatus, (2) the shallow coastal fast ice
comuni ty dom nated by Pseudalibrotus Tiforalis, (3) the deeper seasonal sea ice
zone fast ice community dom nated by Apherusa glacialis, and (4 the old ice com
muni ty domi nated by Apherusa glacialis and Gammarus wilkitzkii.

The Apherusa community over deeper water contains larger numbers of anphipod
individuals. The shallow fast ice synmpagic comunity in the Beaufort Sea had a
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nean of 10.4 anphipods per nt(Carey, 1982; Boudrias and Carey, unpublished). The
deeper fast ice comunity had a mean of 30.9 anphipod individuals per nfin the
Canadian Arctic (Cross, 1982). In the old ice comunity characterized by the anph-
i pod species Apherusa_glacialis and Gammarus wilkitzkii and studied in the Barents
Sea by Qlliksen (inpress), both nunbers and biomass of the ice anphipods de-
creased significantly fromthe ice edge into the pack ice.

Both permanent and tenporary neiofaunal organisns in the size range 63-500 um
occur within the Iower layers of the sea ice habitat. Meioplanktonic |arvae of
bent hi ¢ pol ychaetes, pelecypods, gastropod, tunicates, turbellarians and cirri-
pedes have been reported within the ower sea ice in the Arctic Basin (Gainger and
Hsiao, 1982; Homer, 1977; Pett et al., 1983). Pett et al. (1983) reported spinoid
pol ychaete larvae in the Canadian Beaufort Sea ice. Carey and Mntagna (1982)
found hesionid polychaete larvae in Beaufort Sea ice, including nectochaete |arval
stages that are probably capable of feeding on diatoms. Blake (1975) found that
the juveniles of a simlar hesionid species fed upon diatons in the |aboratory.

Per manent neiofauna including nematodes, harpacticoid and cyclopoid copepods,
cal anoi d copepods, and rotifers have been reported as menbers of the synpagic com
munity (Pett et al,, 1983; Carey and Mntagna, 1982; Kern and Carey, 1983; Cross,
1982). These organisnms often occur in large nunbers in nmost environments except in
the ice in protected | agoons where the environment is highly variable (Carey and
Mont agop 1982). In Stefansson Sound neiofaunal densities ranged from 4,50Q to
8,000 m™ ¢, whereas offshore in the fast ice the range was 36, 000-320,000 m “ (Kern

and Carey, 1983).

Nemat odes are the dom nant menbers of the ice neiofauna. In Pond Inlet,
Baffin Bay, nematode worms accounted for 58.8% of the nmeiofauna (<1.0 nm) by nunber
(Cross, 1982). In the shallow Beaufort Sea their nunerical density exhibited an

increase through the spring of 1980, and they ranged from 3,590 m® in April to
62,360 m™ in June. Nematodes averaged 47.0% of the nmeiofauna during the study
(Kern and Carey, 1983). There is little information available on the biology and
ecol ogy of the sympagic Nematoda. The strong trend in increasing population size
t hrough the spring suggests that these organisns are viable conponents of the ice
conmmuni ty.

Copepods, nostly harpacticoids and cyclopoids, were the second nost abundant
group within the neiofauna in the lower ice environment. In the southern Beaufort
Sea, these copepods conprised 28% of the meiofauna popul ation by nunber (Kern and
Carey, 1983), while in the eastern Canadian Arctic, they accounted for 39.7%of the
smal | animals (Cross, 1982).

c. Particle Flux

It has been conjectured that the downward transport of organic detritus, feca
pel lets, crustacean nolts and pennate diatom cells from the ice undersurface pro-
vides a food source for the pelagic and benthic faunas (Al exander, 1980, 1981,
Colikov and Scarlato, 1973; Bradstreet and Cross, 1982, Homer and Schrader, 1982;
Haneedi, 1978). The organic matter not consumed while sinking through the water
colum woul d be available to the benthos as food. The depth of water, the tenpora
pattern, and the flux rate of detrital sinking would influence the availability of
degradabl e organics to the two faunas (G een, 1976). The supposition has been
stated that during the melt season beginning in |ate May-early June, particles and
al gae slough off the bottom surface of the ice. In shallow water this sudden flux
woul d provide an inpulse of food materials to the sea floor as well as to the water
colum. In deep water less utilizable organic matter would reach the benthos. I|f
the flux fromthe synpagic community takes place at a low rate over an extended
period of tine, nmore food could be utilized by the zooplankton on its way down to
the bottom than if there was a sudden influx fromthe ice during accelerated ice
melt in early sumer.
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Particles fromthe synpagic comunity reach the sea floor in shallow water
throughout the winter and spring. In the Canadian Beaufort Sea pennate diatons
from the epontic algal assenblages were captured in near-bottom sediment traps in 6
to 19 mof water on the shelf offshore of the Mackenzie River and in MKinley Bay,
a shal l ow coastal enbaynent in th ecol ogi caI trapsition zoneg (Pett et al 1983) .
Al gal cells increased from4 x go cell's m2day™ ! to 28 x 10 cells m 2day1 in
May-June.  However, total particulate flux of carbon and nitrogen does not seemto
be affected by the accelerated loss of the ice algal comunity from the ice under-
surface in early June (Pett et al., 1983; Carey, unpublished). The carbon flux to
the sediments through a 7 m water col urm in the southern Beaufort Sea off Narwhal
I'sland varied between 29 and 48 nmyC m™ day”! with no significant trends or correla-
tions with environnental events. Ntrogen flux was low, 1.5 to 6.2 mgN m‘zday'
and erratic throughout the spring season. Fecal pellets from the grazing synpagic
anmphi pod Pseudalibrotus litoralis contained high concentrations of pennate ice
di atom frustules; their fTux to the bottomincreased from April through My, 1980
and then fell almost to zero in early June. The carbon and-nitrogen data indicate
that there is no sudden influx of organic materials to the benthic environnent
during the melting period but rather there is generally a high and continual rain
of organic matter to the bottom throughout the spring grow ng season.
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[V. Study Area

As part of the Arctic Ccean, the Beaufort Sea along the Al askan north slope is
subject to extensive ice cover during much of the year. Normally the sea ice nelts
and is advected seaward in July and August in response to regional wnd stresses
but in some years the polar pack can remain adjacent to the coastline throughout
the entire season. The extent of ice cover during the sunlit summer nonths affects
wind Oixing of surface water and the penetration of light into the water colum.
These factors affect the onset and intensity of phytoplankton production which is
highly variable and generally of |ow magnitude (Homer, 1976; Cashy et al., 1976).
The keels of sea ice pressure ridges cause significant disturbance to the benthic
environment by plowing through the bottom sediments as they are transported across
the inner shelf by the currents and prevailing winds (Barnes and Reimitz, 1974,
Reimitz and Barnes, 1974).

Generally, the bottom water nasses of the southwestern Beaufort Sea are
stable, and except for the shallow coastal zone, differ little in thernohaline
characteristics throughout the year (Coachman and Aagaard, 1974). However, the
outer shelf region fromPoint Barrow to about 150°W is influenced by Bering-Chukch
water that is advected as a subsurface |ayer and noves around Poi nt Barrow through-
out the year in pulses controlled in part by atnospheric pressure gradients
(Hufford et al., 1977). Coastal upwelling has al so been observed in the Barter
Island region during a summer when the pack ice had moved relatively far offshore
(Mountain, 1974).

A unique habitat exists within the |ower layers of polar and subpolar sea ice.
The bottomice |ayer has been described as being soft (Homer, 1976), or |oose
(Andriashev, 1968) in conposition, in contrast to the hard ice above. It has rela
tively constant tenperatures (-3 to (°C), enough nutrients to support algal growth
variable osnotic pressure, and a probabl e abundance of organic material (Mguro et
al., 1967). Seasonal ice is generally 2.0 to 25 mthick, yet sufficient |ight of
adequate qual ity passes through it to support photosynthesis within the ice habitat
(Maykut and Genfell, 1975). Milti-year (pack) ice is generally thicker, but the
presence of chlorophyll within the lower ice layers (English, 1961) is evidence
that photosynthesis also occurs in this ice. Pack ice is present all year, and
therefore provides a permanent environment in which ice organisns can survive
Seasonal ice breaks up each year in late spring, so that organisns within the | ower
layers of this ice exist in an epheneral habitat. Despite the tenporary nature of
the seasonal ice environnent, an abundance of |ife can be found there.

During most of the year in oceanic waters, arctic ice generally exists as a
mxture of old and new ice. Because of the dynamc forces involved, newy formed
thin pack ice can exist adjacent to nulti-year ice floes and pressure ridges tens
of meters thick (Zubov, 1943). As age and thickness of the ice increase, its crys-
talline structure, salinity and light transmssivity change. Age and deformation
of ice, therefore, are other characteristics necessary for consideration in defin-
ing ice habitats

The specific study areas in the southwestern Beaufort Sea reported upon in the
followng results sections include: (1) a broad transect line of stations in the
vicinity of Harrison Bay, SWBeaufort Sea (Figure 1), and (2) a shallow diving
station occupied in the frozen spring nonths offshore of Narwhal Island (Figure 2).
The Pingok Island Cross-Shelf Transect includes a range of environnents from the
inner continental shelf at 5 mdepth to the deep-sea at 1800 m depth on the conti-
nental slope. The Narwhal Island Ice Station is an oceanic environment just sea-
ward of the barrier island. It is in the seasonal sea ice zone and is wthin the

depth range directly influenced by sea ice gouging
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V. Sources, Rationale and Methods of Data Col |l ection

A Sources and rationale
1. Benthic continental shelf fauna
There has been a need to define cross-shelf trends of benthic fauna with as
conpl ete a description of the community as possible to include major conponents of
the benthic food web. As nuch data as possible has been put together to synthesize
faunal changes along environmental gradients. By conbining data fromotter traws
stereo bottom phot ography and bottom grabs, trends across the shelf in both the
macrofauna and megafauna have been synthesized. Wthout this conbined approach
data from various depth zones woul d have been inconplete because of sanpling prob-
| ens caused by sea ice during the sumrer cruises

2. lce fauna (hbrwhal | sl and)

The epontlc (sympagic) sea i ce faunal community has been exanmined in detail
because of its inportance in the Beaufort Sea ecosystem during the spring months.
Gammari d anphi pods are the major conmponent of the ice macrofauna and these organ-
isms are inportant prey for the arctic and glacial cod, pivotal higher carnivores
in the oceanic food web. The Sea Ice-80 fieldwork off Narwhal Island in conjunc-
tion with RU #359 provided an extensive collection of meiofaunal and macrofaunal
sanples that form the basis of an intensive time series study of the ice, nidwater
and sea floor fauna.

3. Particle flux

Because the role of the spring ice comunity in the arctic oceanic ecosystem
i's unknown, energetic links between the ice subsurface and the sea floor have been
investigated. As detailed by such researchers as Honjo (1980) and Suess (1980)
large particles account for a significant portion of the downward flux of sedinents
and organic carbon and nitrogen. Collection of large particles at the benthic
boundary beneath the ice by sedinment trap at the Narwhal I|sland ice station pro-
vides data to assess the input of detrital carbon and nitrogen to the benthic com

nunity.

B. Field and Laboratory Methodol ogy
1. Benthic continental shelf fauna
a. Macrofauna

The macrofauna were collected by 0.1 ffSmith-MlIntyre bottom grab (Smith and
MiIntyre, 1954) at 10 stations from5 to 1800 mdepth in a broad transect across
the continental shelf and upper continental slope (Appendix |: Table 4). Five
quantitative sanples were’ obtained from each station; only those sanples with an
unwashed appearance and with a mininumof 3.5 liters of sediment were retained for
anal ysi s.

G ab sanmpl es were washed on board ship through 1.00 and 0.42 nm screens, and
the material retained on the sieves preserved in 10% formalin neutralized -with
sodium borate. Rigorous procedures for field sanple collections were maintained
during all phases of the project to ensure sanple integrity. Field data sheets
were conpleted at the tinme of collection to record observations on sanpling condi-
tions, sanple quality, and biological information of note. The sanples were rou-
tinely doubl e labelled to mnimze confusion, and conmplete field as well as |abora-
tory log books were maintained. Careful preservation techniques were followed for
proper fixation of the tissues, and the sanples were shifted to 70% ethanol in the
| aboratory for long-term storage. Sanpling adequacy was addressed through accunu-
lation curves for total nunber of species, absolute number of specimens, and tota
biomass. Five 0.1 nigrab sanples now appears to be the mini num nunber at nost
shel f depths to adequately describe the benthic macrofaunal species conposition.
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Standard anal ytical nmethods were enployed to process the Smith-MlIntyre grab
sanples in the laboratory. The quantitative sanples were sieved into two frac-
tions, including the | arge macro-infauna (>1.00 nmm) and the smaller macro-infauna
(0.5-1.00 nm). The organisns in the larger fraction were picked from the sedinent
particles and organic debris under a dissecting mcroscope, and sorted to najor
taxononm c category. The organisms were then enunerated, wet-weighed, and the doni-
nants were identified to the species level as far as possible. Verification of
species identifications were solicited from taxonom c specialists whenever neces-
sary. For selected stations the small macro-infauna organi sms (0.5-1.00 mm were
al so picked, sorted, identified and enumerated to provide essential life history
data on the juveniles of the dom nant species.

b.  Megafauna
1) Traw collections

The megafauna were sanpled by qualitative 4 m sem-balloon Qulf of Mexico
shrinp trawls with stretch mesh, used when possible with a 1.3 cm stretch nesh
liner. Summer sea ice conditions dictated the length and direction of each tow,
and prevented the collection of standardized net tows for conparative purposes or
abundance estimates. Sanples were obtained, however, from each of 6 stations from
depths of 28 to 360 mduring the sumvers of 1971 and 1972 (Appendi x |: Table 5).

2) Bottom phot ography

Phot ographs were taken with an Edgerton stereo deep-sea camera system during
the summer of 1972 (Appendix |: Table 6) during the US Coast Guard WEBSEC field
work.  Bottom photography was utilized as an ultimate approach ror the acquisition
of quantitative data for visible mega-epifauna. Wen ice conditions excluded the
use of towed traw's, quantitative abundance data were obtained for the visible
megaf auna, An Edgerton stereo deep-sea camera system (Mdel 205) on automatic
tuned sequence was flown within 1.0 to 12.0 neters of the sedinent surface. Visi-
ble fauna in the photographs were identified to major groups when further defini-
tion was not possible and to species when positive identification could be nade
based upon the otter traw collections fromthe sane area.

2. lce fauna (Narwhal Island)
a. Meiofauna
1) lce undersurface

| ce meiofaunal sanples were collected on nine occasions between 14 April and
5 June, 1980 (Appendix Il: Table 17). A 36 nfarea, approximately 18 mfroma
tent-covered dive hole, was staked out on the undersurface of the ice with a rope
marked in 0.5 mincrements. This divided the study area into a grid containing
144 0.25 niquadrats. Sanpling locations within this area were assigned using
coordinates taken from a random nunbers table. Sanples from24 April and 11 My
were taken slightly outside the study grid. Ice sanples collected on 14 April and
5 June were taken an unknown distance within 4 mof the study area (Kern, 1981).

Quadrats were sanpled by a diver, using SCUBA, with a corer of 10.5 cmid.
This sanpled an 86.6 cnfarea of the undersurface of the ice. (ne end of each
corer was covered with 64 mcron nesh. The open end was pushed into the undersur-
face of the ice until hard ice was reached. Cores were contained by sliding a
spatula into the ice over the end of the corer, and then capped while underwater;
quadrats were never sanpled nore than once. Sanples from 14 April and 5 June were
col l ected using an ice scraper (Carey,1981), rather than a corer, and could not be
conpared quantitatively with the cores.

Sanples were placed in jars and transported to the lab where they were washed
on a 64 mcron sieve. Animals were preserved in 10% buffered formalin and stained
Wi th rose bengal. Core sanples were sorted into major taxonom c groups and enumner-
ated under a dissecting mcroscope. Only taxa of sizes large enough to be consis-
tantly retained on a 64 nicron nmesh were enunmerated since the sanple could not be
regarded as being quantitative for smaller organisms. Calanoid copepods, wWhich
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were found infrequently in cores and always in |ow nunbers, were al so not counted
since it was unclear whether they were present in the ice or caught in the corers
prior to being inserted into the ice. Cyclopoid and harpactiocid copepods were
identified to the species level. It was not possible in the tine available to
identify each copepodite stage. Instead, all undamaged individuals belonging to
the two dom nant copepod species were nmeasured to the nearest 24 nicrons using an
ocular micrometer. Total length, excluding the terminal setae, of these organisns
was measured. One hundred individuals of each of these species were randomy
chosen from the ice scraper sanples and measured. The presence of egg sacs and
pre-copulatory clasping pairs was recorded for these species on all sanpling dates.
The gender of all individuals large enough to be sexed was recorded

Cores taken from the ice undersurface were used for density estimates of the
fauna, for collection of species used for life-history studies, and as controls for
conparison with cores fromcaged areas of the ice (Kern, 1981). Ice scraper
sanpl es were used only for the copepod |ife-history studies.

A one-way analysis of variance was used to test for changes over time in the
density of major taxa and copepod species. A multi-variate analysis of variance
(Cohen and Burns, 1977) was used to test for differences in the density of najor
taxa and copepod species between caged and uncaged ice. Data were log, (x+1)
transformed before the above tests were performed. The KoIanorov-Sniﬂﬁbv t est
(Tate and Clelland, 1957) was enployed to test whether the popul ation size struc-
tures of the donminant copepod species changed over time. The size-frequency dis-
tribution at each sanpling date was conpared separately with the distribution of
the preceding date, as well as the following date. Since the sane data set was
tested several times, the chance of making an error by incorrectly rejecting the
nul | hypothesis of no difference in population structure was increased. Therefore,
to be conservative, the level of significance used to reject the null hypothesis
was preset at 0.01.

2) Mdwater collections

Quantitative collections were made of the |arge meiofauna in midwater With a
0.75 mring net on a pulley and line arrangenent (Homer and Schrader, 1981). Rep-
licate tows were made with a technique which standardized the tinme, speed, depth,
distance and net orientation. The nesh of the zoopl ankton net was 308 um; there-
fore, only the largest of the permanent neiofauna were retained quantitatively by
the net.

b. Macrofauna
1) Ice undersurface

The underice macrofauna were collected by SCUBA divers with hand-hel d open-
mouth nets. The mesh size was 0.5 nm and the net width 10 cm The net was pushed
along the undersurface of the ice in a straight transect 10 min length. The area
sanpl ed per haul was 1.0 nf. Five replicates were taken during six sanpling dates-
13 April, 19 April, 5 May, 17 My, 31 May and 9 June, 1980 (Appendix I1:

Tabl e 18).

The sanples were washed into jars in a heated tent at the field station and
brought back to the osceap field |aboratory at Prudhoe Bay, Alaska. The sanples
were washed through a 0.5 mm sieve, and 10% formalin buffered wi th sodium borate
was added. Crustaceans were later identified (Appendix Il: Table 19) using the
follow ng references: Barnard, 1969; Sars, 1895 and 1918; Stephensen, 1923, 1925
1931 and 1944; and Gurjanova, 1951.

2) Mdwater collections

Macrofauna (>0.5 mm) were quantitatively collected by 0.75 mring zoopl ankton
net with 308 um nesh. The ring was attached to a line and pulley system anchored
to a wooden post mounted through the ice 14 maway fromthe dive hole (Homer and
Schrader, 1981), Net tows were standardized to sanple at 3 mdepth at a speed of
about 0.15 nsec . The sanples were washed into jars at the field tent. At the
OCSEAP lab in Prudhoe Bay the sanples were washed on a 0.5 nm sieve and preserved
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in 10% formalin buffered with sodium borate. Sanple tows were made in pairs. On
four occasions the standardized tows were nmade every two hours over a 24 hour
period to determne the tenporal pattern of anphipod abundances in the water col-
Um . These time series studies were made 30 April-1 My, 7-8 My, 19-20 My, and
2-3 June, 1980.
3) Sediments

Macro-epibenthic fauna were collected by SCUBA diver with the same 10 cm fl at
bottomed nets as those used on the undersurface of the sea ice (Appendix II:
Tables 20-23). Five net hauls were nmade per sanpling period over 10 mlong tran-
sects; each transect haul covered 1 .0 nf. At the end of each transect run the net
was folded over the netal frame to retain the sanple. The sanples were washed on a
0.5 mm seive and were preserved in 10% formalin neutralized wth sodi um borate.

3* Particle Flux (Narwhal 1sland)

Large particles were collected as close as possible to the sediment-water
interface with cylindrical particle traps with an inside dianmeter of 13.1 cm and a
hei ght of 39 cm above the collecting surface. The traps, therefore, had an aspect
ratio of 3:1. This has been determned as the correct configuration to mininize
resuspension by water turbulence within the sampling cylinder (Gardner, 1980). A
prefired and prewei ghed glass fiber filter was placed at the bottom of each cylin-
der over a porous filter bed, through which the water retained in the cylinder
coul d be drained.

Eight traps, four in each of two weighted frames were depl oyed seven tinmes
from 17 April through 5 June, 1980. SCUBA divers placed the two trap arrays on the
sedinent surface with the aid of spongex flotation. They were located to the south
of the dive hole in a sector of the study site chosen to have minimal disturbance
from the other diving operations undertaken for the Sea Ice-80 studies (Figure 3).
The cylinders contained filtered seawater and were capped during deployment. Upon
retrieval the caps were replaced on the cylinders by the divers before nmoving them
to minimze contanm nation problens.

In the field laboratory, the inside of the cylinders was washed down with
filtered fresh water, and the remaining noisture was pulled through the glass-fiber
filter pad by gentle suction. The cylinders were disassenbled and the filters re-
nmoved in a protective work hood made of plastic sheeting to mininize contanination.
Wth the aid of forceps, each filter sheet was carefully placed in a separate pre-
labelled, Sterile, plastic petri dish for transport to Oregon State University.
Upon removal fromeach cylinder the filters were stored in a deep-freezer and kept
frozen during shipping and later storage

Laboratory analyses included particle counts, particle weights with a correc-
tion for Nacl, measurement of organic carbon and nitrogen, and identification of
particle type and particle qualitative conposition by scanning electron microgra-
phy. These data were then used to calculate the flux of carbon, nitrogen and iden-
tifiable particles to the sea floor beneath the ice

Counts of particles were nade on each thawed filter with 6x magnification
under a dissecting mcroscope wthout removing the filter fromits sterile petri
dish (Appendix I11: Table 29). Selected recognizable particles were counted and
measured with an ocular mcroneter.

The total mass of particles on each filter was measured by drying the filters
in adrying oven at 65°C to constant weight. \Wights were then neasured to the
nearest 10,001 g. For the salt correction three 1.629 cnfsubsamples were renoved
fromeach of the filters and soaked in 10 m of 0.3N HC1. Magnesium concentrations
in the subsamples were measured against dilute seawater standards with a flane
spectrophotometer. The weight of sea salt for each sanple was then calcul ated.

The amount of carbon and nitrogen contained on the collection filters was
measured in four 1.629 cnisubsamples renoved fromeach filter. The subsamples
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were burned in a CHN Anal yzer to determne the weights of the contained carbon and
nitrogen in pg.

Subsamples (0.595 em?) were renoved from areas of interest on the filters for
scanning electron microscope study. These were dried, mounted and sputter-coated
with Au/Pal, and then exam ned and photographed at a range of appropriate magnifica-
tions (see Appendix Ill: Figures 57-63).

Cal cul ations were then made to determine the flux per unit area and per day
for the recognizable particles, carbon, nitrogen and total mass.

4. Environmental data (Narwhal |[sland)

Tenperature and salinity were measured throughout the study period with a Xahl
Scientific Conpany electrodeless salinometer (Mbdel RS5-3). The salinometer was
modi fied to neasure tenperatures down to -2.0°C, though m ninmum tenperatures below
this value were probably reached. The sensor unit was |owered to depths about
30 cm below the ice-water interface and the sane distance above the sedinents to
mnimze interference with the inductive salinometer functioning (Kahlsico, 1975).
Measurements were made at 1 mincrements down to the sediment (Appendix II:

Table 24).
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VI Resul ts
A Benthic continental shelf fauna: cross-shelf trends.

The total numerical density of macrofauna (neans + standard deviation) denon-
strate a bimodal pattern (Figure 4 and Appendix |: Tables 7-10). The maxi ma at
10 mand 700 m depth and the minima at 5 mand 1800 m depth are statistically sig-
nificant. The 10 mpeak is significant at the .001 |evel. The annelids are the
dom nant taxonomi c group at nost stations, though the molluses predom nate at 3
stations at 23, 100 and 1800 neters depths (Figure 5).

The macrofaunal bi omass generally follows an increasing trend of abundance
with depth to the outer shelf and upper slope with a subsequent decrease to |ow
standing stocks at 1800 m (Figure 6 and Appendix |: Tables 11-13). The high bio-
mass at 15 mdepth is an artifact directly attributable to the thick shells of the
bivalve-mollusc Astarte nontagui.

Polychaete species generally have broad distributions across the southwest
Beaufort Sea continental shelf, with one or nore maxima of numerical abundance
(Figure 7 and Appendix |: Table 14). For exanpl e Minuspio cirrifera i s very abun-
dant at both the 10 oand 700 m depth, while Chone nr C. murnanica Is nost abundant
at 47 m The 15 mdepth station appears to have depressed polychaete popul ations
which may be caused by severe ice grounding in this zone. Such variability also
indicates the patchiness of the fauna, environnment, or both. Note that Capitella
capitata, a species indicative of environmental disturbance, is found in the near-
shore zone. Pelecypod mollusc species are also found across broad areas of the
shel f, though the species populations are generally abundant only in a narrow depth
zone (Figure 8). Domnant species of polychaetes and bivalves can, therefore, be
used to characterize portions of the shelf and upper slope environnents.

Speci es richness (nunber of species per station) is highest at the internedi-
ate depths (10-100 m) for both the Polychaeta and Pelecypoda With mininal diversi-
ties at the shallowest station (5 m) and the deeper stations (200 to 1800 O)
(Figure 9).

A study of feeding types of polychac.e Worns enphasizes the increasing inpor-
tance of subsurface deposit feeding species with increasing depth (Figure 10).
Surface deposit feeders are nost abundant at the shelf edge and decrease down to
the 1800 m dept h.

Megafaunal invertebrates are nost abundant on the outer continental shelf and
appermost part of the Beaufort Sea continental slope (Figure 11). Though these
quantitative data are linmted to the visible fauna seen in bottom photography,
otter traw collections indicate that these fauna are the predomi nant grazers in
the megabenthic community. Ophuiroids are the domi nant group and conpose a |arge
proportion of the large fauna (Figure 12 and Appendix |: Figures 44-54).

Ophi acantha bidentata can be identified from the photographs because of its unique
appearance, though the genera Ophuira and Ophiocten could not be differentiated in
the photographs. Note the abundance estinmates of ophuiroids from both the photo-
graphic counts and the grab data characterize the outer shelf-upper high slope
standing stocks. Gab and photographi c ophuiroid abundance estinmates for the shal-
| owest station (25 m) may differ because of the increased turbidity in onshore
waters that |owers photographic contrast and definition due to light backscatter
from suspended particles. This band of high ophuiroid abundance is correlated with
areas of postulated higher sedinmentation rates (Carey et al., 1974).

The depth distributions of mega-epifauna are generally broad (Figure 13).
Species distribution data conpiled from both the traw collections and the bottom
phot ographs denobnstrate these trends. The shall ow stations support few species of
megafauna; the distribution of this ecological group tends to be shifted toward
deeper water.
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B. lce fauna (Narwhal |sland ice station)

1. Ice neiofauna (Kern, 1981)

Nenmat odes, copepods, turbellarians, polychaetes, and amphipods were collected
from the undersurface of the ice. The mean nunber of individuals collected per
100 cnifor each group at all dates when corers were used, with the associated
standard deviations, is given in Appendix Il: Table 25. Nematodes doninated,
conmprising 47.0% of the fauna collected throughout the study (Figure 14). Copepods
and turbellarians made up 28.8% and 16.1% of the fauna, respectively. Polychaetes
and amphipods were minor nenbers of the ice fauna, together representing |ess than
ten percent of the total.

Each group showed a significant change in abundance over tine. In general,
the nunber of individuals within each taxon increased as the ice algal bloom pro-
gressed. Polychaetes were the only exception to this pattern, with their greatest
density occurring on 24 April. Nematode and turbellarian abundance i ncreased
rapidly from mninum values at 24 April to maximum on 2 June. Copepods exhibited a
different trend in abundance (Figure 15), appearing to decrease initially, then
increase, and finally decrease again. Since the standard deviations are high, it
is possible that this pattern is not real.

Seven species of cyclopoid and harpacticoid copepods were identified fromthe
ice. The mean nunber of individuals collected per 100 cm for each of the five
dom nant species, and the associated standard deviation, is given for each date on
which cores were taken (Appendix Il: Table 26). Cyclopina gracilis, a cyclopoid,
was the dom nant species, making up 55.0% of the ice copepod fauna. Harpacticus
sp. and Halectinosoma Sp., two harpacticoids, conprised 23.0% and 19.8% of the
copepods, respectively. The cyeclopoid Oncaea sp. represented 1.5% of all copepods
and Dactylopodia Signata, a harpacticoid, Tess than one percent. Two copepodites
were. colTected that probably belonged to the species Cyclopina schneideri. The
s_e;/enth species was represented by a single individual that was too young to iden-
tify.

Al'though there was a significant change in abundance over time for total cope-
pods, densities of two species, Halectinosoma Sp. and Dactylopoedia Signata, did not
change significantly. The abundance of Cyclopina gracilis and Harpacticus sp. did
change significantly through the study (P<.002), as well as that of Oncaea sp.
(P<.05). The three doninant species displayed simlar patterns in abundance over
time (Figure 15). Densities appeared to decrease initially, reach a maximumin the
second half of My, and then decrease toward the end of the study.

Data on the life-history characteristics recorded for the two dom nant cope-
pods, Cyclopina gracilis and Harpacticus Sp., are given in Appendix Il: Table 27.
Cyclopina gracilis adults were present at all dates. Only copepodites of
Harpacticus sp. were collected before 11 May. Harpacticus sp. nales were nore
abundant than females until the final three sanpling dates. The reverse trend
occurred with C. gracilis Where femal es outnunbered males initially, but were gen-
erally less numerous after 5 May. Gavid C. gracilis females were collected on
five of the sanpling dates, but were never "a Targe percentage of the adult female
popul ation. No gravid Harpacticus sp. females were found in the ice, but pre-cop-
ulatory clasping pairs were present on 26 May and 2 June. Adult males clasped late
copepodite fenal es on the prosome wWith their nodified antenules.

The size-frequency distribution of Harpacticus sp. indicates that the popul a-
tion structure changed greatly during the course of the study (Figure 16). Over
95% of .the Harpacticus sp. individuals could be measured. Initially the popul ation
was composed entirely of copepodites. By 15 May, however, a node appeared at ap-
proximately 840 microns that was conposed of adult males and late copepodite fe-
males. This feature remained in later sanples because the adult males had reached
their maxi num size. Females continued to grow and a broad node corresponding to
adult females was seen beginning 19 My. Significant differences in popul ation
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structure were indicated by the Kol mogorov-Smirnov test in the second and third
conparisons (24 Muy-26 My, 26 My-2 June, and 2 June-5 June). Only 29 individuals
were neasured from5 May and this sanple size is inadequate to calculate the test
statistic where the sanple sizes are unequal (Tate and Clelland, 1957). To nake
conparisons between this date and the preceding and follow ng sanpling dates, the
smal l er sanple size was used alone to determne the test statistic.

The popul ation structure of Cyclopina gracilis (Figure 17) changed greatly
during the study, but most of the change occurred in the early sanples. Over 92%
of all individuals could be nmeasured. The Kolmogorov-Smirnov test indicates that
significant changes in the size-frequency structure of the population occurred
between the first two sanpling dates (14 April-24 April), the second and third
dates (24 April-5 May), the fifth and sixth dates (15 May-19 May), and the eighth
and ninth dates (2 June-5 June). The earliest sanples contained nostly juveniles.
In the cores taken 15 May, and in all follow ng sanples, three major nodes were
evident in the size-frequency distributions. The first node, centered at around
260 microns, was conposed of young copepodites. The second, |ocated at approxi-
mately 520 mcrons, was largely made up of adult males and late female copepodites.
Adult females had a nuch greater size range than nales, and had a broad peak
centered near 700 microns. The size-frequency distributions of €. gracilis on
5 June had these three nodes, but they were broader and had shifted to larger sizes
relative to the previous dates.

Data from the time-series mdwater collections with the 0.75 mring net demon-
strate that harpacticoid copepods are present in the water colum only at the end
of the season (Figure 18). At the end of My and early June the harpacticoids
appear in the collections and increase in abundance up to the very end of the

st udy.

2. |l ce macrofauna - sources and seasonal trends

The epontic macrofauna (>0.5 nm) is predom nantly conprised of gammarid amphi-
pods. A nean of 99.3% of the macrofauna caught on the ice undersurface with the
SCUBA diver-operated ice net sanpler were anphipods (Figure 13). The renaining
0. 7% of the sea ice macrofauna were m scel |l aneous arthropods, ecnidarians, and poly-
chaetes.

The gammarid anphi pods are the dom nant taxonomic group associated with the
sedinents in the study area. A nean of 53.5% of the macro-epifaunal organi sms were
anphi pods while arthropods, i.e. , cumaceans, mysids and ostracods represented 45.2%
of the fauna captured by the standardized net tows, and niscellaneous species,

i.e., nenerteans, annelids and mollusecs made up the remaining 1.3% of the epi-
f auna.

During the latter part of the study period there is a significant increase in
the nunber of arrphigods per unit area at the ice-water interface (Figure 20), in-
creasing from25 ni© to 340 m“(p = <. 005, Kruskal-Wallis rank analysis). The
increase in nunerical abundance is caused by juvenile anphipods released from adult
femal e broad pouches at the ice undersurface in early June during the ice nelting
period (Figure 21). To a large degree the adult Pseudalibrotus litoralis and their
of fspring form nmost of the ice assemblage. Therefore, it is not surprising that
the pattern of the release of P. 1litoralis juveniles is the same as for the total
anphi pod fauna on the ice undersurface (P = <.005, Kruskal-Wallis rank analysis).
In contrast, the nunber of gammarids associated with the sedinent remained |ow
throughout the total study period (Figure 22). At the end of the spring season the
benthic P. litoralis popul ation was 2% of ice popul ation off Narwhal Island.

Excluding juveniles the benthic Pseudalibrotus litoralis popul ation was 6% of
the ice faunal abundance. However, additional data from an unpublished report
denonstrates that during the latter part of the sumrer P. litoralis i S abundant on
the inner Beaufort Sea continental shelf (Carey, 1981). During August 1976, there

were 24 individuals per nf at 10 m depth, 294 at 15 mand 16 at 20 m
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Five species of gammarid anphipods were collected from the ice undersurface
nine from the water colum and thirteen from the sedinents (Appendix 11: Table 28)
Though Pseudalibrotus litoralis dom nates the anphipod ice assenblage with a mean
of 9.1 per m, It Is also found as the nunerically inportant nember of the water
colum and sedi ment macrofaunal assenblages. Because_P. litoralis is the only
species domnant in all three environments, its affinities are w despread during the
I ce-covered nonths on the Beaufort Sea shallow continental shelf (Figure 23). The
affinities of the abundant species can be assigned to one or two of the environ-
nents. Four species, i.e., Onisimus affinis, Onisimus plautus, Acanthostepheia
malmgreni and Onisimus cf. aderjugini were found only associated wth the bottom
Veyprechtia pingius came fromonly the ice and water colum, and the five ice spe-
cies were all collected from other environments in addition.

The rel ationship of the ice, water and sedinment popul ations of Pseudalibrotus
litoralis was studied by sanpling all three environments during the spring study
period. The mdwater collections denonstrate that some P. litoralis were present
in the water colum at all times during the spring (Figure 24), though during Apri
there were nore individuals caught md-water in the early morning hours (Fig-
ure 25). As the sun-lit day length increased during the spring this tendency weak-
ened and disappeared. At the end of the season before ice break-up there appears
to be a tendency for maxinmal activity in the water colum also during the early
nmorning hours. Perhaps the decreasing salinity at the ice-water interface (Fig-
ure 26) coupled with the dimmnorning light entrain the Oovenent of the anphipod
away fromthe ice. Though these data indicate the seasonal and diurnal activity of
P. litoralis in the water colum, they do not prove vertical mgrations between the
ice and the sedinents per se. Because of the patterns observed it is likely, how
ever, that the novement of the anphipod between the two surfaces is fairly continu-
ous during the spring.

The popul ation characteristics of Pseudalibrotus litoralis change throughout
the season at the underice surface (Figures 27 through 32) (Boudrias and Carey,
unpublished) . The nean length of the adults denmonstrates a general trend of growth
fromApril through early June, 1980 (Figures 33 through 35). Though each data
poi nt does not represent a significant change in size from one sanpling date to the
next, the overall trend appears real. In addition, the nean weights of P.
litoralis adults and immatures al so tend to increase during the season (Figures 36
and 37). Again, the individual data points are not significantly different from
the others, but the overall trends seemreal. Part of the variability of these
data is caused by continual recruitment of juveniles into the ice populations of P.
litoralis (Figure 38). The length-frequency structure of the ice popul ation demon-
strates the appearance of young at the ice undersurface throughout the spring

c. Particle flux to sedinents (Narwhal Island)

The overall result of the organic flux studies at the Narwhal Island Ice Sta-
tion during the Sea Ice-80 project is that the particle flux is relatively high
throughout the entire period. There is no significant tenporal variability in the
total flux of mass, nitrogen, or carbon (Figures 39 through 41, and Appendix III:
Tables 30 through 37). The total particle flux by weight is as high at the initial
stages of the developnent of the ice biotic comunity as it is at the end in early
June, 1980. The collections on May 3 and 11 are highly variable with larger nean
mass and may be affected by large, rare particles such as crustacean nmolts and
| arge fecal pellets (Figure 39). The organic carbon and nitrogen flux under the
sea ice also exhibit no significant trends with time. In fact, the striking re-
sult, particularly for carbon is that the flux starts, remains and ends at rela-
tively high levels.

A few particle types were distinctive and could be identified and the source
determned. These included fecal pellets and crustacean nolts. Mch of the mate-
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Figure 33, Length of adult Pseudalibrotus litoralis popul ations in the

ice environment at the Narwhal Tsland ice station, 1980.
Means = 1 standard deviation.
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Figure 34. Length of adult male Pseudalibrotus litoralis popul ations in
the ice environnment at the Narwhal Tsland ice station, 1980.
Means + 1 standard deviation.
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Figure 36. Combi ned mean wei ght (wet preserved) of Pseudalibrotus litoralis

adults in the ice environment at the Narwhal TsTand 1ce station,
1980,
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Figure 37. Conbined mean weight (wet preserved) for Pseudalibrotus litoralis

in the ice environment at the Narwhal |sland ice Station, 1930.
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the ice environment™at the Narwhal TIsfand ice station, 1980.
Means + 1 standard deviation.
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spring, 1980, at the Narwhal Island ice station.
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Figure 41. Flux of carbon to the sediment surface during spring, 1980,
at the Narwhal Island ice station.
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rial appeared as pigmented areas on the glass-fiber filter surface that consisted
of generally anorphous matter. Individual diatom tests could be recognized by
exam nation with the scanning electron mcroscope. Two recognizable fecal pellet
types varied over the spring months with contrasting patterns of abundance

(Figure 42). The larger pellets formed by the epibenthic mysid Msis relicts were
nmost abundant at the beginning of the collection series and then steadily declined.
On the other hand, the smaller fecal pellets, fromthe anphi pod Pseudalibrotus
litoralis, rose in abundance to a peak on May 19, 1980, and then rapidly declined.
A series of photomicrographs and scanning electron mcrographs illustrate these
pellets and their contents (Appendix Il1l: Figures 55-63). The M. relicts pellets
contained a conplex matrix of generally unidentified material, though some diatom
tests and possible crustacean fragnments are present. The P. 1litoralis pellets are
conprised alnost entirely of numerous ice diatomtests.

D. Voucher collections

Speci es of polychaete worns and pelecypod molluscs encountered during the
OCSCEAP studies of RU #006 in the southwest Beaufort Sea have been submtted to the
Marine Invertebrate Zoology section, California Acadeny of Sciences (Appendix IV
Tables 38 and 39).
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Figure 42. Flux of fecal pellets to the sedinents during the spring, 1980
at the Narwhal Island ice station. The large pellets are formed
by the epibenthic nysid Mysis relicts and the small pellets by
Pseudalibrotus litoralis,
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VI1. Discussion

A. Benthic continental shelf fauna: cross-shelf trends

Low faunal abundance, species richness, and bionmass at the 5 mstation indi-
cate an inhospitable environnent for biological or physical reasons. In the arctic
coastal zone the sea ice appears to be the nost inportant controlling factor.

The deeper drafts of pressure ridge keels rest on the sedinents at the shal | owest
depths. Highly saline water forms beneath the ice as salt is excluded and drains
downward through the ice during the winter nonths (Gade et al., 1974). This bottom
wat er |ayer can becone very cold, adding to the stress encountered by the benthic
organisns in this zone. There also can be direct mechanical effects of the sea ice
on the sedinent cover in areas where ice-push builds ridges, |evees or junbled
terrestrial fields of ice blocks (Wadhams, 1980). In some areas ice-push can dras-
tically alter the character of the shallow sea floor and presumably damage the
benthic fauna. Benthos from several 5 m stations along the coast (Carey et al.
unpubl i shed ms) exhibit depressed |evels of abundance in areas of known ice over-
ride of adjacent |owlying gravel barrier islands

Lowered summer salinities at these shallow depths, caused both by ice melt and
the summer river runoff probably also create a harsher environnment by increasing
the total salinity range over which the animals nust survive (Appendix I:

Tabl e 15).

It is also possible that high predation pressure from several of the benthic-
feeding mgratory waterfow deplete these shallow water standing stocks. Eider and
old squaw ducks are extremely plentiful during their sumer feeding and breeding
season and feed on shallow benthos, particularly bivalve molluscs (Divoky, 1978).

The inner continental shelf of the Beaufort Sea (5-25 m depth) is subject to
strong environnental disturbances in salinity, turbulence turbidity and ice goug-
ing. These are strongly seasonal, and several are zoned by depth in spite of the
narrow range studied. Mst of the bivalve distributions, faunal abundances and
functional group conpositions (feeding type, reproductive pattern, and substrate
orientation) tend to be homogeneous along the length of the A askan Beaufort coast
(Carey et al., 1984). At the deepest stations, however, there seems to be a selec-
tion for the deposit feeding nmode of existence in the siltier sedinents. These
results suggest that the fluctuating environment has selected for a generalized
assenbl age of animals.

Polychaetous annelids, collected in coastal waters (5-25 m) along the length
of the Al askan Beaufort Sea coastline, represent a relatively uniformand speciose
fauna (105 species) (Carey et al., unpublished ins). Species richness and tota
nunbers vary little with depth and longitude. Generally there are few dom nant
species; a large species group (39) is wdely distributed throughout the environ-
ment studied. At the shallowest depths, however, selective surface deposit feeders
predonm nate in the sandy sediments found there. Predators and non-selective depos-
it feeders are relatively uniformand |ow in abundance through the region. In
spite of a physically structured environnent, conpositional simlarity of the fauna
is greater than expected by chance from Point Barrow to Barter Island (Appendix I:
Table 16). Several processes disturb the environnent, probably selecting for an
environnental [y tolerant fauna.

On the average, the total benthic maerofaunal comunity varies in nunerica
density and biomass over a year's period (Carey, unpublished ins). These changes
are more marked on the outer half of the shelf than on the inner shelf at 25 m
depth. Smal| organisms increase in total nunbers during the late summer indi-
cating an increase of the population size of small species and perhaps the recruit-
ment of juveniles of the nmacrofauna to the benthic comunity. An analysis of popu-
| ation size structure of three species of bivalve molluses and four species of
polychaete worns does not, however, denmonstrate a seasonal and discrete burst of
recruitment to these populations. |t appears that npst benthic invertebrate spe-
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ties reproduce throughout much of the year by producing small nunmbers of yolky
lecithotrophic eggs.

The nega-epi fauna species distributions, derived fromboth the photographs and
trawm collections, denonstrate a general trend toward very broad depth distribu-
tions (Figure 11). These data also illustrate that the shallowest, nore variable
stations support few species of mega-epifauna.

Comparisons of the abundances of the benthic megafauna and Oacrofauna denon-
strate a general negative correlation between the two groups (Figure 43). Where
the megafauna are nost abundant, the macrofauna tend to be depressed in numerical
density. This relationship could be caused by direct predation on the |arvae,
juveniles or adults of the macrofauna, or an environnent feature such as detrital
food supply could have a differential effect on the two faunas.

B. Ice fauna (Narwhal Island)

During the last ten years the primary production of the ice algae has been
reported to contribute up to 40%of the total carbon fixed by marine plants in the
arctic ecosystem (Al exander, 1974; Honer, 1977; Homer and Schrader, 1982). Be-
cause this late spring ice algal production on the undersurface of sea ice occurs
before plant production can be supported in the water colum or on the sedinents
this early source of carbon significantly extends the arctic grow ng season (Al ex-
ander and Chapman, 1981). The undersurface of the ice supports an abundant inver-
tebrate fauna, and the algal conmmunity is an inportant source of energy for these
organisns mgrating to this interface (Cross, 1982; Carey and Mntagna, 1982; Kern
and Carey, 1983). These animals in turn formthe basis of an abbreviated food web
that links the underice fauna to fishes and to seabirds and seals (Bradstreet,

1982; Bradstreet and Cross, 1982).

SCUBA observations and sectioned ice core sanples indicate that the sympagic
anmphi pod species occupy a variety of sub-habitats. Generally the macrofauna occupy
the lower 5to 10 cmof ice (Pett et al., 1983), though individuals were observed
living in brine channels (Lewis and Milne, 1977; Cross, 1982; Newbury, 1983) and
partially or fully enbedded within the ice (Gulliksen, in press). Geen and Steele
(1975) report that Gammaracant hus loricatus i S the only amphipod species associ ated
with ice stalactites and may af tines be frozen within them On occasion Apherusa
glacialis occupy the brine channels, though they are nostly on the ice undersurface
(Cross, 1982). A glacialis tends to be patchy in distributions with aggregations
of juveniles concentrated on clunps and strands of ice algae.

In contrast to the species conmposition of the ice macrofauna in deeper and
of fshore waters, whether in fast ice or pack ice, the gammarid anphi pod
Pseudalibrotus litoralis domi nates the ice macrofaunal community on the inner shelf
In water depths of about 10 m (Geen and Steele, 1975; Carey, 1982).

The large nunbers of animals found within the ice of the Beaufort Sea is sur-
prising. Andriashev (1968) provided the only data in the literature that can be
used for quantitative conparisons, and his data were from the Antarctic. He found
solitary polychaete individuals, cyclopoids up to several hundreds/nf, harpacti-
coids (including species of Harpacticus and Dactylopodia) up to hundreds/m .5 and
anphi pods up to 3040/m®. No information was given for turbellarians, or for nena-
t odes which was the dominant group in the arctic sanples. Comparing the data sets
on a per unit area basis (Table 1), it is apparent that the overall abundance of
the ice fauna is much greater in the sanples collected fromthe Arctic. Anphipods
were the only group which had a greater density in the Antarctic. It is possible
that the Beaufort Sea site was an unusually productive one, but there is no evi-
dence to support this idea. The study area was visually indistiguishable from
surrounding ice pans when viewed from a helicopter. Chlorophyll a values neasured
inthe ice close to the Narwhal Island study grid (Homer and Schrader, 1981) are
simlar to those recorded el sewhere (&pollonio, 1965), al though further sanpling in
other areas should be perforned.
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Table 1. Abundance of mmjor taxa collected fromsea ice in the Antarctic
(Andriashev, 1968) and the Beaufort Sea. Values given are
nunber per nf. No values for Nematoda or Turbellaria were
available fromthe Antarctic. The minimm densities for taxa
collected fromthe Beaufort Sea were calcul ated using the
| owest mean nunber per core; the nmaxi mum using the highest
mean nunmber per core.

Antarctic Beaufort Sea
G oup Minimum Maxi mum
Polychaeta Solitary Individuals 135 5,107
Cyclopoida Up to several Hundreds 1,058 7,737
Harpacticoida Scores to Hundreds 1,079 4,638
Amphipoda up to 3040 218 1,193
Nematoda = ""TTtooooos 359 25, 022
Turbellaria = ~~°""""°°7°C 206 15, 167
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Wiile the density of the ice fauna was greater than expected (Table 2), it was
only around five percent of typical benthic meiofaunal density (Coull and Bell,
1979). This may be due to the epheneral nature of the fast ice habitat. Seasona
ice is only present in the Beaufort Sea from Septenmber or Cctober until around June
(Barnes and Reimnitz, 1974), and popul ations must recol onize the |ower |ayer of
this ice each year. There is evidence, using artificial substrates suspended over
the bottom that some meiofaunal groups can rapidly develop |arge populations in
abiotic sedi nents (Scheibel, 1974). Nematodes and copepods, the npst abundant taxa
in Beaufort Sea ice, were also the dom nant groups colonizing the suspended sub-
strates. This is not surprising since these two groups are typically the nost
abundant in nornal sedinents (MlIntyre, 1969). At least some of the increase in
density in Scheibel's study was due to continued inmmgration of animals after the
sediments had initially been colonized. It is also possible that animals mgrated
to the ice from underlying sediments during the sanpling period. However, nena-
todes are not able to swimlarge distances (Scheibel, 1974), and continued novenent
of these organisms to the ice would depend on passive transport from the bottom by
advection. Reproduction was responsible for at |east part of the increase in abun-
dance observed in the ice. Gavid females were noted in the ice copepod species
Cyclopina gracilis, Halectinosoma Sp. and Dactylopodia signata. A few nematodes
were exam ned, and gravid individuals were observed (E. W. Hogue, personal communi-
cation). Laboratory studies have shown that the time required for marine nematodes
to conplete one life cycle varies greatly, and can be as short as less than two
weeks (Gerlach and Schrage, 1971). It may be possible that the rapid increase in
abundance found for nematodes could largely be due to reproduction rather than
passive transport, if the ice species have short life cycles

Gazing by ice fauna may be inportant in regulating standing stocks of ice
algae. It had previously been suggested that ice algae were free from grazing and
that tha entire season’s reproduction was released into the water colum at breakup
(Meguro et al., 1967). Nematodes collected fromfast ice in the Beaufort Sea had
guts filled with diatoms. Mst benthic harpacticoids have been found to feed ex-
tensively on diatoms (Mlntyre, 1969). The large densities of these organisns in
the ice suggests that at |east some of the algal production may be utilized in
situ.  Further work is required to determne the extend of grazing by ice f auna.

Environmental conditions within the ice were not recorded in this study so it
is not possible to try to relate variations in faunal density between sanpling
dates to changes in their environnment. (ne interesting finding was the simlarity
in the abundance trends exhibited by the three dom nant copepod species (Fig-
ure 15). These species displayed the same relative changes in density throughout
the study, suggesting that the same factor or factors night be affecting the popu-
lations in simlar ways. Total copepod and amphipod abundance appeared to decline
around 2 June. They might have been responding before other groups to changes in
the ice associated with breakup. By 9 June, although the ice remained solid, there
was a layer of low salinity (2.8 ppt) just below the water-ice interface, Where no
salinities |ower than 28.9 ppt were recorded before (Figure 26).

There was a large anount of spatial variability in the ice fauna. Standard
devi ations were comonly greater than 50% of the mean for sone taxa. |ce fauna
apparently had a patchy distribution. Athough determning the scale of aggrega-
tions was not a goal of this study, and the sampling program was not designed to
examne this problem it is evident that the size of faunal patches varied in the
study area. Some pairs of cores were virtually identical in the abundance of each
of the major taxa, and of copepod species. The patch size in these instances nust
have mnimally been |arger along one axis than twce the core dianmeter (21 cn.

O her pairs of cores differed greatly, indicating that these patches were smaller.
Pat chiness of ice flora has been found to be correlated with light attenuation due
to snow depth (Clasby et al., 1976). This could not have been a factor in deter-
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mning the patchiness of the ice fauna in this study since the snow cover over the
sanpling site was of uniform thickness at any one tine.

Life-history studies of offshore narine benthic copepods are rare, and nost of
the work has been done on harpacticoids living in tide pools (Fraser, 1936; Harris,
1973), in littoral sedinments (Rae, 1967; Barnett, 1970; Lasker et al., 1970;
Harris, 1972; Jewett and Feder, 1977; Fleeger, 1979; Feller, 1980a), and on al gae
(Hicks, 1977). These studies have shown that there are many reproductive patterns
I n harpacticoids, and that even closely rel ated, sympatric species nay have narked-
ly different life-histories. Barnett (1970) investigated the life cycles of two
congeneric species inhabiting the same mudfiat and found that each species had a
distinct life-history. Despite these variations, H cks (1979) has shown that re-
productive strategies of harpacticoid copepods tend to differ nore between habitats
than within habitats. He suggests that factors such as food resource availability
and environnental stability are inportant in determining the evolution of specific
life-history strategies. Therefore, it mght be expected that copepeds inhabiting
the epheneral ice environnent would show a different life-history pattern from
t hose of copepods studied el sewhere.

It is evident that Harpacticus sp. and Cyclopina gracilis have different life-
history strategies (Figures 16 and 17, and Appendix IT: Table 27). c. gracilis
appears to reproduce continuously during the ice algal bloom Gavid females were
found on five of the nine sanpling dates. Since the nunber collected on any sanp-
ling date tended to be low, it is possible that there were gravid females in the
ice throughout the sanpling period, but not collected on some occasions because of
their low density. Egg sacs nmay also have been shaken |oose before the sanples
were examned in the laboratory. Continuous recruitnent to the population is also
indicated by the presence of young copepodites on all sanpling dates. The location
of modes in the size-frequency distributions of C.gracilis was simlar from 15 May
to the end of the study (Figure 17). Fleeger (1979) gave size-frequency distribu-
tions of Enhydrosoma propinquum that showed a pattern of constant peak |ocations
for an extended period. He suggested that the stable population structure was
brought about by continuous recruitment of nauplii. Cyclopina gracilis has been
found associated w th macro-al gae (Sars, 1918) and described as a phytophile
(Ceccherelli, 1976). Its continual reproduction, at least while in the ice, fits
the strategy of continual or protracted reproduction utilized by nost phytal har-
pacticoids (H cks, 1979).

Harpacticus sp. did not appear to reproduce in the ice. Since the sanpling
period coincided with the annual ice algal bloom (Homer and Schrader, 1981) when
food resources are highest, the lack of gravid females is surprising. Pre-copula-
tory clasping, which is typical of harpacticoids, occurred anong individuals col-
lected on 26 May and 2 June. Fraser (1936) suggested that the clasping of females,
usual Iy copepodites, by adult males precedes spermatophore transfer. The reproduc-
tive cycle of Harpacticus sp. could be simlar to that of sone sedinent-dwelling
copepods. Jewett and Feder (1977) showed that Harpacticus uniremis around Port
Val dez, Alaska had a single distinct reproductive period. Males clasped fenales
most often in April and gravid individuals began to appear approxinately nine
nonths later. The intertidal copepod Platychelipus laophontoides had one genera-
tion per year and a distinct reproduction period wth gravid femal es being absent
for half of the year (Barnett, 1970).

No life-history data for Harpacticus sSp. are available for the rest of the
year so it is not possible to describe the conplete life-history of the organisns.
Mating evidently takes place on the ice since clasping, which precedes spermato-
phore transfer, was observed there. Data from other habitats suggest that
Har pacticus sp. probably has one or two generations per year (Jewett and Feder,
1977). The insemnated females probably mgrate to the bottom when the ice breaks
up in late May or early June. It is not known whether copepods recolonize the ice
imediately after it reforms around Cctober or later in the ice season. Low densi-
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ties of diatons are present in the ice fromits formation and through the w nter
until around April (Clasby et al., 1973), so little food is presumably available at
that tine. No Harpacticus sp. adults were present in the April and early My
sanmpl es indicating that either colonization occurred shortly before by copepodites,
or that gravid females had migrated to the ice earlier. There are two possible
explanations as to how gravid females could colonize the ice during the winter, in
the near-absence of food, resulting in the population structure observed in the
sanples. First, they may produce resting eggs that could overwinter in the ice
Overwintering resting eggs that hatch up to five nonths after being laid have been
found in calanoid copepods (Grice and G bson, 1975). Second, it has been shown
that certain harpacticoids have nauplii that undergo del ayed devel opnent {(Coull and
Dudley, 1976), which could enable some offspring to survive under limted food
conditions. Delayed naupliar devel opment might explain the sudden influx of early
copepodites on 2 June unlike adults and copepodites. Nauplii of benthic harpacti-
coids cannot sw m (Hauspie and Pol k, 1973), so colonization of the ice could not be
by nauplii unless they were advected to the ice fromthe sedinents.

It is conmon for sex ratios to vary tenporally in species of marine copepods
(Moraitou-Apostolopoulou, 1972; Hicks, 1977). This was true for_Harpacticus sp.
and Cyclopina gracilis collected fromthe ice. There'Was a general trend in which
the percentage of—Harpacticus sp. fenmales increased through the study. Since it
appeared that the individuals belonged to a single season’s production of off-
spring, males may mature earlier than females. Ml es reached sizes at which they
could be sexed before females did, as indicated by the initial |ow percentage of
females in the total sexable seqment of the population. Earlier male maturation
has been noted for Huntenania jadensis (Feller-, 1980a) and Harpacticus uniremis
(Jewett and Feder, 1977). It is not possible to discuss the relative devel opnent
rates of C. gracilis nales and females since recruitment to the popul ati on appeared
to be continuous; however, Smyly (1961) reported that the males of Cyclops
leukarti, a freshwater cyclopoid, mature earlier than females. Fenales predon nat-
ed early in the study when the population density was low. This has been found in
ot her marine copepods (Moraitou-Apostolopoulou, 1972).

No life-history strategies unique to the ice environnent are evident from the
data collected in this study. These two copepod species are not very different in
their reproductive activity from other copepods living on the bottom  Previous
studies (Coull and Vernberg, 1975; Jewett and Feder, 1977) have shown that the
dom nant copepod species reproduce continuously, while, rare species in the same
environnent reproduce seasonally. This might also be true for ice copepods where
the dom nant species, Cyclopina gracilis, was found to reproduced continuously
throughout the study, while the |ess abundant Harpacticus sp. showed seasonal re-
production

It is not possible to describe the complete life-history of any species when
sanpling takes place only during one season. The ice scraper sanples were used to
extend the sanpling period as much as possible, even though these sanples were
taken outside of the study area. The size-frequency distributions of Harpacticus
Sp. and Cyclopina gracilis in these sanples generally fit the trends exhibited in
the cores. The only exception to this agreenent is with the size-frequency distri-

bution of C. gracilis on 14 April. The popul ation appear to be nore mature in this
sanple than in those collected on 24 April. Small-scale spatial heterogeneity in

the popul ation size-structures of benthic organisms has previously been observed
(Curtis and Peterson, 1977), and may explain the apparent discrepancy in the size-
frequency distributions between 14 April and 24 April. Sanpling throughout the
year, in the ice when the aninmals are there, and on the bottom when they inhabit
the sediments, is required to fully describe the life-history strategies of these

or gani sns.
This study has shown that frequent sanpling is required to observe changes in

the population structure of meiofauna. Significant changes in the size-frequency
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distributions for the two dominant ice copepods occurred on tinme scales of |ess
than one week. Size-frequency distributions have previously been enployed to study
copepod |ife-histories (Lasker et al., 1970; Jewett and Feder, 1977; Fleeger,
1979), but not with sanples taken as frequently as in this study. Many copepod
speci es can undergo conplete developnent in the lab, from hatch to hatch, in less
t han 30 days (Rosenfield and Coull, 1974), so frequent sanples nust be taken to
observe the rapid changes in the populations. Feller (1980b) observed that the
| engths of sone copepodite stages of Huntemania jadensis overlapped. Although this
was true to some extent for both ice species studied, the utilization of size-fre-
quency distribution provided useful information in less time than would be required
to identify each copepodite to its stage.

Wth the objective of determning the source of the ice meiofauna at Narwhal
I'sl and, scrapings were made of macro-algae in Stefansson sound. The cyclopoid
copepod Cyclopina gracilis has been reported as epiphytic (Sars, 1918), and the
macro-al gae at the Boul der Patch (Dunton et al., 1982) could be the source of this
species for colonization of the ice undersurface. No C. gracilis were collected
fromthe sedinments at the Stefansson Sound Ice Station (Carey and Mntagna, 1982).
Though cyclopoid copepods were present in the algal scrapings, no specinens of C.
gracilis were found (Table 3). This species was collected near the bottom (Honer
and Schrader, 1981), and thus may be plankto-benthic in existence.

Tabl e 3. Copepods and nematodes from scrapings of macro-algae fronds at the
Stefansson Sound ice station (SS). Collections made in 1981.

Cyclopina
Scrapings Al gae Cyclopoid/Harpacticoid Calanoid Nemat odes gracilis
1 Red 243 1 + No
2 Br own 25 14 + No
3 Red 125 1 + No
4 Br own 24 12 + No
5 Red 11 5 + No
6 Br own 32 9 + No
7 Br own 36 3 0 No
8 Red 151 y + No
9 Red 58 2 + No
10 Br own 50 8 + No
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c. Particle flux to sedinents (Narwhal Island)

Various workers have conjectured that the ice biotic assenblage is an early
source for the arctic ecosystem and that there should be a pulse of downward organ-
ic flux during ice nmelt and break-up (Al exander, 1980, 1981; Golikov and Scarlato,
1973; Homer and Schrader, 1982). CQur data suggest that this comunity does pro-
vide an early source of food for the benthos. The fluxes of organic carbon are
relatively high even at the time of the first collection toward the end of April.
However, the lack of tenporal trends does not support the hypothesis that there is
a sudden pulse of particle flux during ice melting. It is possible, however, that
field activities had to be curtailed before such an event took place. Divers
observations indicate that the ice algal layer had alnost entirely disappeared at
the tinme of the last particle trap deploynment. It was also noted that turbidity in
the water colum was high, perhaps caused by the ice algal cells released from the
ice. Therefore, downward transport of this material is slower than anticipated.
Results from Pett et al. (1983) also support this conclusion; results fromthe
Canadi an Beaufort Sea did not denonstrate a pulses of organic flux during ice
nel t.
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VI,

A

L.

Concl usi ons

Benthic continental shelf fauna: cross-shelf trends
The macrobenthos are mpst abundant numerical ly nearshore, while their

bi omass peaks at the shelf edge and upper continental slope
The negabenthos are nost abundant on the outer shelf and upper |evel of
the continental slope.

The major part of the commnity causing the increased densities and stand-
i ng stocks are polychaete worns (Minuspio cirrifera) for the nacrofauna
and several species of Ophiuroidea for the nmegafauna.
Speci es richness for the polychaetous annelids and bival ve melluses i s

hi ghest on the inner continental shelf. This contrast to tenperate pat-
terns is hypothesized to be caused by |ow wave turbulence in the Arctic.
The hi gher bventhic numerical densities and standing stocks in the Sw
Beaufort Sea are simlar to levels found in rich tenperate narine environ-
ments.

I ce fauna (Narwhal Island)
Large densities of several invertebrate taxa, nost notably nematodes,
copepeds, and turbellarians, were present in the fast ice of the Beaufort
Sea in 1980. Although the density of the ice fauna was low conpared to
what is typically found in sedinments, it was much greater than had pre-
viously been reported from the ice.
The life-histories of two copepods, Cyclopina gracilis and HarpTacticus
Sp., while inhabiting the ice are simlar to the life-histories of exclu-
sively benthic copepods. The ice species were different from each other
in ternms of their life-histories, so it appears that there is not a life-
history strategy unique to the ice. If this is the case, it is surprising
that nore species do not utilize the ice environment.
The m dwater and underice sanples indicate that the harpacticoid and cyc-
lopoid copepods |eave the ice during the rapid salinity decrease in early
June and are then present mdwater. The hypothesis that they mgrate
(fall?) to the bottomis being tested.
Five species of gammarid anphipods formthe ice macrofaunal assenbl age
(99.3% on the inner shelf in the SWBeaufort Sea
A normal |y benthic species, Pseudalibrotus (=Onisimus) litoralis, domi -
nates the assenblage and feeds, grows and releases young at the Ice under-
surface
The mdwater collections of gammarid anphi pods suggest a frequent inter-
change between the benthic and epontic popul ations with a diurnal maxim
bet ween 0100-0300 hrs, and a seasonal increase in activity in early Apri
and early June
The ice biotic conmmunity is hypothesized to be a feeding ground for amphi-
pod juveniles.
The ice substrate and ice algae in the arctic provide an alternate envi-
ronment and an early food source to a mxture of pelagic and benthic gam-
mari d anmphi pod speci es.
It is hypothesized that the benthic gammarid anphi pod, P. litoralis, m -
grates to the bottom |ayer in the season with two environmental cues: re-
duced salinities and the onset of dark periods during the arctic sumer
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c *Particle flux
The particulate carbon and nitrogen flux to the sediments was relatively
high during the entire study period.
There was no major increase in flux of particulate organic matter to the
sedinents during the melting season.
Fecal pellets from 2 crustacean species were anong the few recognizabl e
large particles; their fluxes varied during the study period.
Fecal pellets attributed to P. litoralis demonstrate that this species is
feeding directly upon the underice diatom assenbl age.
Though the fluxes to arctic shallow water sedinents are |ow conpared to
rich tenperate environments, the ice diatom assenblage is likely to be the
earliest source of new carbon to the arctic ecosystem
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1X. Needs for further study

Though general and sone specific patterns of distribution and abundance of the
benthic invertebrate fauna have been determined fromthe inner continental shelf to
the upper slope, nuch remains to be acconplished in three main areas of research
(1) food web, (2) ice fauna, and (3) biological rates

A Food web

O fshore of the barrier islands the continental shelf benthic food web is
poorly defined. The food habitats of |large predators such as demersal fishes,
seabirds and marine manmals that feed on the benthos are not well known. Ofifshore
popul ations of adult arctic cod have not been well-studied, and their food sources
are not known. Data from inshore waters indicate that epibenthic animals, particu-
| arly mysids and anphi pods, are pivotal food web links and that the infaunal inver-
tebrates are not inportant in the oceanic food web (Griffiths and Dillinger, 1981).
This hypothesis should be extensively tested to define the role of the benthos in
the ecosystem It is possible that there are few higher predators on the Beaufort
Sea infauna; therefore, larger stocks of benthos may exist, e.g., at the shelf
edge and upper sl ope.

The role of the sea ice algal bloonms in the benthic (and pelagic) food web
remains not well known. The carbon input to the ecosystem by this conmunity is not
known, nor are the vertical fluxes through which the ice comunity and the benthic
comunity would interact. Data from other studies (RU #537 and 467) indicate that
ice algal bloons are present on the undersurface of the sea ice out to at |east
100 n.m. from shore, so this carbon source may be inportant over |arge areas.

B. lce fauna

Though initial description of the invertebrate sea ice assenblage has been
achieved in nearshore waters beyond the barrier islands, there is a basic lack of
know edge about the ice fauna and its relationship to the benthos and pelagic fauna
beneath.  Nor do we know the areal extent and patchiness of the ice fauna and its
relationship to ice as a substrate--with or without a food source at the ice-water
interface. The ice may act as a concentrating interface for advanced and neta-
mor phosi ng | arval stages of benthic invertebrate fauna because it is a solid sub-
strate--albeit upside down. Further offshore in the polar pack where the bottom
drops away in deeper water, are there macrofaunal grazers primarily fromthe water
colum associated with the ice? Are there benthic meiofauna that exist as perma-
nent menbers of the ice assenblage? And what is the food web associated with the
sea ice in this environnent?

c. Biological rates

Mich basic information is needed on biological rates--reproductive, growh
nortality, recolonization and metabolic for the purpose of determning the biologi-
cal activity of the arctic fauna. Wat are the turnover rates of the benthos (pro-
duction/biomass) beyond the barrier islands; are the secondary production rates
lower than in nore tenperate environments? Know edge of the recolonization rates
pertain directly to the ability of the fauna, particularly the inportant nysid and
anphi pod crustaceans, to recover after a natural or pollution disturbance event.
This information woul d be nost useful in modelling food web recovery rates of a
region of the inner shelf of the Beaufort Sea after a mgjor oil spill
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Table 4. Cross-shelf trends macrofauna station collection information (PIB =
Pingok Island Benthos, R/V ALUMIAK cruise;, WBS = Western Beaufort Sea
WEBSEC crui se, UscGC GLACI ER
Depth Station Replicates Posi tion Dat e
5m PIB-5 5 TO°34.9'N 149°32.0'W 22 Aug 1976

10 m PIB-1 O 5 70°34,8'N 149°32,.3'W 22 Aug 1976

15 m PI B-15 5 70°38.2'N 149°34.,6'W 24 Aug 1976

23 m WBS-30 CG-63 5 TO°43'N 149°00'W 7 Sept 1971

47 m WBS-23 CG-44 5 T1°01'N 148°22"W 31 Aug 1971

100 m WBS-20 CG-30 5 71006°N 147°5T7'W 30 Aug 1971

200 m WBS-41 CG-83 5 T71°12.2"'N 149°44 .8'W 11 Sept 1971

360 m WBS-19 CG-29 5 T1°08.7'N 148°00.5'W 29 Aug 1971

700 m WBS-27 CG-58 5 71 °14.5'N 149°25,5'W 5 Sept 1971
1800 m WBS-26 CG-57 5 T1°21.3'N 149932y 4 Sept 1971
Table 5. Cross-shelf trends otter trawl station |ocations for 0 ega-epifauna.

Station Posi tion Dept h Dat e Tow Duration
WBS-25 CG-56 T1°12'N 148°35'W 360 m 3 Sept 1971 10 min,
WBS-31 CG-65 70°43'N 149°02'W 30 m 6 Sept 1971 15 mn.
wWBS-32 CG 66 TO°43'N 149°06'W 31 m 7 Sept 1971 5 nin.
WBS-21 CG-36 71 °11.3'N 148°31.9'W 159 m 18 fug 1972 30 mn.
WBS-22 CG-37 T1°05.7'N 148°41'W 55 m 19 Aug 1972 15 nin.
WBS-27 CG-43 70°59.5'N 149°33.8'W 29 m 22 Aug 1972 10 min.
Table 6. Cross-shelf trends bottom stereo photograph station |ocations for visible

benthic mega-epifauna.

Station Posi tion Dept h Dat a Total Area
WBS-30 CG-U47 T0°0'N 150°0.9'W 25 m 23 Aug 1972 22.17 n
WBS-32 CG-49 71°11.5'N 150°00'W 44 m 24 Aug 1972 115. 4 nd
WBS-33 CG-50 T1°12.4'N 150°02.6'W 80 m 25 hug 1972 52.30 ni
wBs-35 CG 52 T1°17'N 150°05'W 750 m 26 Aug 1972 103. 05 ni
WBS-36 CG-53 71°35.9'N 150°01.9'W 2160 m 27 Aug 1972 20. 88 ni
WBS-46 CG-75 T1°12.3'N 149043y 195 m 9 Sept 1972 48.37 ni
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Table 7. Animal densities for station PIB-5 per 0.1 [ 2, collected on 22 August 1976.

Gab Nunber Tot al % of
Phyl um C ass O der 1419 1420 1421 1423 1424 per nifauna
Nemat oda 1 - 2 1 4 16 1.2
Nenertinea 1 2 3 . 12 0.9
Annelida: Polychaeta 71 110 104 112 176 1146 -87.2
Priapulida 4 5 7 3 2 42 3.2
Art hropoda: Crustacea: Anphi poda 17 5 2 4 4 64 4.
Isopoda - 1 11 2 -—— 8 0.6
Cumacea 1 - 1 6 - 16 1.2
Mollusca: Pelecypoda 2 - 1 - 2 10 0.8
TOTAL 96 123 119 127 184 1314 100.0

Table 8. Aninmal densities for station PIB-10 per 0.1 nf, collected on 22 August 1976.

G ab Number Tot al ¢ of

Phyl um G ass O der 1425 1426 1427 1429 1430 per nifauna
Nemat oda 2 8 33 30 12 170 2.3
Annelida: Polychaeta 475 683 606 436 860 6120 82.9
Priapulida 1 1 4 7 T 26 0.4
Arthropoda:  Crustacea: Anmphipoda T 1 1 21 3 52 0.7
Harpacticoida " -- 6 - " 12 0.2

Isopoda 2 -- 1 - 4 14 0.2

Ostracoda - 16 17 6 T 78 1.1

Tanai dacea T - ! 4 1 12 0.2

Cumacea 1 2 2 4 3 24 0.3

Mollusca: Pelecypoda 39 67 109 104 101 840 11.4
Gast ropoda T 6 6 3 3 36 0.5

TOTAL 518 776 747 585 975 7384  100.0
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Animal densities for station PIB-15 per 0.1 [] 2, collected on 22 August 1976,

Tabl e 9.
G ab Nunber Tot al % of

Phyl um G ass O der 1432 1433 1434 1435 1436 per nffauna
Cni dari a: Ant hozoa 2 1 1 -— - 8 0.4
Nemat oda T 1 2 2 -- 10 0.5
Nerert hi nea T 3 3 1 3 20 1.1
Annelida: Polychaeta 53 73 86 107 83 804 42.2
Priapulida - " T =" 1 2 0.1
Art hr opoda: Crustacea: Anphi poda 4 9 17 12 14 112 5.9
Isopoda T T 3 1 l 10 0.5
Ostracoda 4 2 - 12 0.6
Tanai dacea " " 7 - o 14 0.7
Cumacea 8 4 | 14 3 60 3.2
Pycnogonida - " " == 1 2 0.1
Mollusca: Pelecypoda 25 53 31 53 58 440 23.1
Gast ropoda 5 3 l 7 7 46 2.4
Echinodernms ta: Holothuroidea 2 3 2 | - 16 0.8
Hemichordata | " " == =" 2 0.1
Chordata: Asci dacea 10 47 60 16 40 346 18.2
TOTAL 110 196 216 214 211 1904  100.0
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Table 10. Relative abundance of major macrofauna taxa (>1.0 mm) on the cross-shelf

transect.
PIB-5 Pl B- 10 Pl B- 15
5m 10 m 15 m
Cidaria: Ant hozoa - " 4 0.4%
Annelida: Oligochaeta C o o
Polychaeta 573  88.3% 3060 85.0% 402  42.4%
Arthropoda: Anphi poda 32 4.9% 26 0.7% 56 5.9%
Isopoda 4 0.6% 7 0.2% 5 0.5%
Cumacea 8 1. 2% 12 0.3% 30 3.2%
Ostracoda - 39 1. 1% 6 0.6%
Tanai dacea == 6 0.2% 7 0.7%
Pycnogonida == T 1 0.1%
Mollusca: Pelecypoda 5 0.8% 420 11.7% 220 23.2%
Gast ropoda - 18 0.5% 23 2.4%
Echinodermata: Ophi uroi dea - . T
Holothuroidea - T 8 0.8%
Chordata: Ascidiacea - T 173 18.2%
Ot hers (Priapulida, 27 4.2% 13 0.4% 12 1.3%
Hemichordata, Nemertinea)
Tot al 649 3601 949
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Tabl e 10. con't.

Cni daria: Anthozoa

Annelida: Qigochaeta
Polychaeta

Anphi poda

| sopoda
Cumacea
Ostracoda
Tanai dacea
Pycnogonida

Art hropoda

Mollusca: Pelecypoda
Gast ropoda

Echinodermata: Ophi uroi dea
Holothuroidea

Chor dat a

Ascidiacea

Q hers

(Echi uroi dea, Sipuncula,
Aplacophora, Brachi opoda,
Priapulida, Nenertinea)

Tota

WBS 30 cc63
23 m
318 40.8¢%
10 1. 3%
1 0.1%
19 2.4%
5 0.6%
274 35.2%
132 16.9%
16 2.1%
3 0.4%
l 0.1%
799

94

WBS 23 CG44
47 m
1 0.1%
520 42.4%
387 28.4%
14 1.1%
40  3*3Y%
93 7.6%
26 2.1%
2 0.2%
158  12.9%
6  0.5%
6 0.5%
4 0.3%
8 0.7%
1226

WBS 20 GC30 WBS 41 (C83

100 m
365 30.8%
83 7. 0%
14 1.2%
193 16.3%
50 4.2%
413 34.9%
15 1.3%
37  3.1%
7 0.6%
8  0.7%
1185

200 m
17 1.1%
1273  85.2%
47  3.1%
6 0.4%
7 0.5%
1 0.1%
78 5.2%
6 0.4%
46  3.1%
13 0.9%
1494



Table 10. con't.

WBS 19 cG 29 WBS 27 GC 58 WBS 26 CG 57
360 m 700 m 1800 m
Cnidaria: Ant hozoa -- -- --
Annelida: Oligochaeta -- 154 6.8% -
Polychaeta 1031 87.3% 1611 70.9% 263  39.1%
Arthropoda: Anphi poda 19 1.6% 36 1.6% 15 2.2%
Isopoda - 3 0.1% 6 0.9%
Cumacea 3 0.3% 12 0.5% 21 3.1%
Ostracoda 62 5.2% 67 2.9% 3 0.4%
Tanai dacea 8 0.7% 57 2.5% 27 4.0%
P ycnogonida o 3 0.1%
Mollusca: Pelecypoda 40 3.4% 295  13.0% 320  47.5%
Gast ropoda 2 0.2% 14 0.6% ! 0.1%
Echi nodermata:  Ophi uroi dea 10 0.8% b 0.3% 4 0.6%
Holothuroidea - -- 5 0.7%
Chordata: Ascidiacea -- --
O hers (Aplacophora, 6 0.5% 15 0.7% 8 1.2%
Sipuncula, Scaphopoda)
Tot al 1181 2273 673
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Table 11. Biomass, preserved wet weight in grams per 0.1 nffrom station
pPiB-5 (0CS-5), collected on 22 August 1976.
Tota
Gab Nunber wei ght % of
G oup 1419 1420 1421 1423 1424 per nf bi onass
Anthozoa
Sipuncula
Annelida .58 .60 .49 . 84 1.16 7.34 83.2
Art hropoda .03 AT .06 ,05 .02 1.26 14.3
Mollusca 03 - .01 - + .08 0.9
Echinodermata - - +
Msc. Phyla .01 .02 .02 .02 + 14 1.6
TOTAL .65 1.09 .58 o 1.18 8. 82 100.0
+ = presence, not weighable
= absence
Table 12. Bionmss, preserved wet weight in grams per 0.1 [] 2 from station
PIB-10 (OCS-5), collected on 22 August 1976.
Tota

Grab Nunber wei ght % of
G oup 1425 1426 1427 1429 1430 per nf bi omass
Ant hozoa
Sipuncula
Annelida .87 .78 .87 o 77 1.20 8.98 50.7
Arthropoda .04 .04 .03 .07 12 .60 3.4
Mollusca .19 - 1.90 1.12 .TO 7.82 44 .2
Echiondermata + - - - - -
Misc. Phyla .07 .01 .04 *02 .01 .30 1.7
TOTAL 1.17 .87 2.84 1.98 2.03 17.70 100.0

+

absence

presence, not wei ghabl e
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Table 13. Biomass, preserved wet weight in granms per 0.1 nffrom station
piB-15 (ocs-5), collected on 22 August 1976.
Tot al
G ab Number wei ght % of
G oup 1432 1433 1434 1435 1436 per nf bi omass
Ant hozoa
Sipuncula
Annelida 1.92 3.65 1.20 1.12 .61 17.00 12.8
Art hropoda .29 13 .07 .18 .19 1.72 1.3
Mollusca 4.71 10. 24 5.10 9.21 11.44 81.40 61.6
Echinodermata .02 .12 .04 .08 - .52 A
Msc. Phyla T4 2.73 5. 87 3. 27 3.19 31.60 23.9
TOTAL 7.68 16. 87 12. 28 13. 86 15. 43 132. 24 100.0
- = absence
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Table 14. SW Beaufort Sea Cross-Shelf Transect Polychaete species

di stribution.

Polychaete Species

Depth  No/ nt Nane Rank
5m 524 Minuspio cirrifera 1
310 Anpharete vega 2
110 Marenzelleria wireni 3
60 Chone nr. C. murmanica 4
32 Tharyx zacutus 5
30 Capitella capitata 6
26 Sphaer odoropsi s m nuta 7
14 Et eone |ongs 8
6 Scoloplos arm ger 9.5
6 Sphaer odori di um sp. A 9.5
4 Orbinia sp.
2 M cronepht hys minuta
2 Onuphis quadricuspis
2 Paranphitrite tetrabranchia
2 Terebellides stroemi
10 m 4688 Minuspic cirrifera 1
412 Chone nr. C. nurmanica 2
234 Sphaerodoropsis minuta 3
144 Tharyx ?acutus 4
84 M cronepht hys minuta 5
78 Cossura longocirrata 6
46 Capitella capitata 7.5
46 Et eone |onga 7.5
20 Sphaer odori dium sp. A 9
18 Anpharete vega 10
14 Aricidea (Allis) cf. A suecica
14 Ophryotrocha sp. ~
14 Sternaspis scutata
12 Terebellides stroem
10 Marenzelleria wireni
6 Parhet eromastus sp. A
2 Euchone analis
2 Het eromast us filiformis
2 Mystides borealis
2 Nephtys ciliata
2 Paranphitrite tetrabranchia
2 Praxillella praeterm ssa
2 Scalibregma inflatum
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Table 14. con't.

Depth  No/ nf Nare Rank
15 m 182 Praxillella praetermissa 1
60 Tharyx ?acut us 2
56 Pholoe M nuta 3
48 Chaet ozone setosa 4
46 Minuspio cirrifera 5
42 Scoloplos acutus 6
40 Clymenura polaris 7
26 Marenzelleria wireni 8.5
26 M cronepht hys Oinuta 8.5
24 Microclymene Sp. 10
20 Anphar et e acutifrons
18 Nerei myra aphroditoides
14 Brada villosa
14 Hesi oni dae gen. et sp. nov.
12 Et eone |ongs
12 Euchone papillosa
10 Laononme kroeyeri
10 Scalibregma inflatum

I\JI\JI\JI\JI\JI\JI\JI\JI\JI\JI\DI\JI\Jbb&bb@@@oﬁoﬁoﬁmoﬁmmmm

Capitella capitata
Lysi ppe labiata
Scoloplos armiger
Sternaspis scutata
Anphi ctei s sundevalli
Anai ti des groenlandica
Antinoella sarsi
Nephtys ciliata

Ophelina cylindricaudatus

Polydora socialis
Sabellides borealis
Schistomeringos cCaeca
Aricidea (Allis) cf. A
Het er omast us filiformis
Nephtys longosetosa
Levi nseni a gracilis
Terebellides Stroem
Aricidea (Allis) sp. C
Apistobranchus tullbergi
Dexiospira spirillum
Diplocirrus longisetosus
Dysponetus sp. nov.
Euchone analis

Euchone elegans

Euchone sp.

Fabricinae

Lanassa venusta
Melaenis loveni
Prionospio Steenstrup
Sphaer odori di um sp. A
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Tabl e 14. con't.

Depth  No/ nf Nare Rank

23 m 348 Capitella capitata 1
244 Tharyx ?acutus 2
180 Chone nr. C. murmanica 3
148 Minuspio cirrifera 4
114 Pholoe minuta 5
106 Heteromastus filiformis 6
56 Sternaspis scutata /
46 Paramphitrite tetrabranchia 8
42 Cossura longocirrata 9
40 Ophelina cylindricaudatus 10
34 Lumbrineris m nut a
32 Lysi ppe labiata
28 Aricidea (Allis) cf. A
26 Chaet ozone setosa
24 Par het eromast us sp. A
18 Scoloplos acut us
16 Clymenura polaris
14 Prionospio steenstrupi
12 Praxillella praeterm ssa
12 Terebellides stroemi
10 Brada villosa
10 Et eone |ongs

RO PO PROPNDPONNE RS O o0 00 00 0o 00 O

Antinoella sarsi
Lumbrineris fragilis
Lumbrineris inpatiens
Micronephthys m nut a
Proclea graffii
Spirorbis granul ates
Anpharete acutifrons
Schi st omeringos caeca
Anai ti des groenlandica
Ci stenides hyperborea
Et eone flava

Nephtys ciliata
Aglaophamus malmgreni
Api st obranchus tullbergi
Chone duneri

Dexi ospira spirillum
Lagi sca extenuata
Scalibregma inflatum
Sphaer odoropsi s mnuta
Trochochaet a carica
Typosyllis cornuta
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Table 14. con't.

Depth  No/m® Nare Rank
47 m 556 Chone nr. C. murmanica 1
284 Tharyx Zacutus 2
244 Chaetozone setosa 3
194 Lumbrineris minuta 4
168 Aricidea (Allis) cf. A suecica 5
116 Ner ei nyra aphroditoides 6
104 Ophelina cylindricaudatus 7
98 Prionospio Steenstrupi 8
94 Terebellides stroemi 9
78 Pholoe minuta 10
74 Miecronephthys minuta
70 Het eromast us filiformis
60 Exogone nai di na
60 Parhet eromastus sp. A
54 Barantolla sp.
50 Nereis zonata
44 Anpharet e acutifrons
40 Lysi ppe labiata
22 Laphani a boecki
22 Maldane sarsi
20 Spirorbis granul ates
20 Typosyllis cornuta
18 Minuspio cirrifera
16 Anphar et e arctica
16 Lunbrineris fragilis
16 Scoloplos acutus
14 Lacnice cirrata
12 Antinoella sarsi
12 Paraonis sp. A
10 Autolytus fallax
10 Lagi sca extenuata
8 Chone duneri
8 Clymenura polaris
8 Et eone |onga
8 Polycirrus nedusa
6 Gattyana cirrosa
6 Onuphi s quadri cuspi s
4 Anphi ctei s gunner
4 Crratulus cirratus
4 Diplocirrus longisetosus
4 Melinna elisabethae
4 Polydora caulleryl
4 Levi nseni a gracilis
2 Apistobranchus tullbergi
2 Artacama proboscidea
2 Brada nuda
2 Brada villosa
2 Chone infundibulifornis
2 Diplocirrus hirsutus
2 Lanassa venusta
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Myriochele heeri

Nephtys ciliata

Nephtys paradoxa

Ophelina acuminata
Paranphitrite tetrabranchia
Praxillella praeterm ssa
Schistomeringos caeca
Sphaer odori di um biserialis
Sphaerodoridium sp. A
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Table 14. con't.

Depth  No/m? Nane Rank
100 m 178 Spi ochaet opt erus typicus 1

136 M cronephthys ninuta 2
104 Chone nr. C murmanica 3
94 Tharyx ?Zacutus 4
92 Lysi ppe labiata 5
84 Lunbrineris mnuta 6
78 Terebellides Stroem 7
56 Laonice cirrata 8
44 Ophelina cylindricaudatus 9*5
44 Levi nseni a gracilis 9.5
40 Maldane sarsi

32 Pholoe m nuta

28 Cossura longocirrata

28 M nuspi 0 cirrifera

24 Clymenura polaris

24 Scoloplos acutus

20 Aricidea (Allis) cf. A suecica

18 Myriochele heeri ~

14 Par het eromastus sp. A

12 Barantolla sp.

12 Het eromast us filiformis

10 Sternaspi s scutata

RO NN MMM MDD RAEEE AR OO o0

Lagi sca extenuata
Laphani a boecki
Apistobranchus tullbergi
Chaet ozone setosa
Exogone nai di na
Glyphanostomum pallescens
Amphar et e arctica
Antinoella sarsi
Lunbrineris inpatiens
Scalibregma inflatum
Sphaer odor um gracilis
Typosyllis cornuta
AXioni ce flexuosa

Et eone |ongs

Euchone papillosa
Gattyana cirrosa

Lanassa venusta
Lunmbrineri s fragilis
Melinna elisabethae
Nephtys ciliata

Onuphi s quadricuspis
Paraonis sp. A

Polydora caulleryi
Schistomeringos Caeca
Sphaer odor opsi s biserialis
Trochochaet a carica
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Table 14. con't.

Depth  No/n¥ Nanme Rank
200 m 814 Tharyx ?acutus 1

604 M cronepht hys minuta 2
360 Scolopos acutus 3
336 Aricidea (Allis) cf. A suecica 4
246 Levi nseni a gracilis 5
200 Cossura longocirrata 6
196 Lunbrineris mnuta 7
172 Chaet ozone setosa 8
112 Prionospio sSteenstrupi 9
50 Lysi ppe labiata 10
44 Terebellides stroem

36 Eteone |ongs

30 Nephtys ciliata

30 Proclea graffii

22 Barantolla sp.

22 Spiochaetopterus typicus

10 Artacama proboscidea

8 Antinoella sarsi

8 Het er omast us filiformis

8 Laphani a boecki

8 Myriochele heeri

8 Onuphi s quadricuspis

b Maldane sarsi

4 Anaitides groenlandica

4 Nereinyra aphroditoides

4 Oneni a fusiformis

4 Sphaer odori dium sp. A

4 Sternaspis scutata

2 Anpharete arctica

2 Antinoella badi a

2 Apistobranchus tullbergi

2 Cistenides hyperborea

2 M nuspi 0 cirrifera

2 Praxillella praetermissa

104



Table 14. con't.

Depth  No/nt Nare Rank
360 m 690 Maldane sarsi 1

302 Scoloplos acutus 2
224 Levi nseni a gracilis 3
208 Minuspio cirrifera 4
142 Lumbrineris m nuta 5
92 Barantolla sp. 6
78 Laonice cirrata 7.5
78 Micronephthys mi nut a 7.5
74 Ophelina cylindricaudatus 9
60 Tharyx ?acut us 10
58 Chaet ozone setosa

44 Aricidea (Allis) cf. A suecica

34 Onuphis quadricuspis

30 Het eromast us filiformis

26 Et eone |ongs

26 Sternaspi s scutata

12 Spi ochaet opt erus typicus

12 Trochochaet a carica

10 Nephtys ciliata

10 Pholoe m nuta

8 Chone Nr. C. murmanica

6 Antinoella badia

6 Prionospio Steenstrupi

6 Sphaer odori di um sp. A

4 Capitella capitata

4 Terebellides stroemi

2 Aglaophamus malmgreni

2 Cossura longocirrata

2 Diplocirrus hirsutus

2 Melinna elisabethae

2 Ner ei nyra aphroditoides
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Table 14. con't.

Dept h No/m? Nanme Rank
700 m 2042 Minuspio cirrifera 1
456 Maldane sarsi 2
90 Laoni ce cirrata 3
66 Chaet ozone setosa 4
52 Levi nseni a gracilis 5
44 Lumbrineris mi nuta 6
40 Barantolla Sp. 7
38 Scoloplos acutus 8
34 Aricidea (Allis) cf. A suecica 9
30 Cossura longocirrata 10
26 Chone nr. C. nurnanica
20 Owenia fusiformis
18 Onuphis quadricuspis
18 Trochochaeta carica
16 Capitella capitata
16 Micronephthys minuta
14 Sphaer odori di um sp. A
10 Et eone |ongs
10 Ophelina eylindricaudatus
10 Sternaspis scutata
6 Lumbrineris fragilis
6 Sphaer odoropsis sp. B
6 Spi ochaet opt erus typicus
4 Antinoella badia
4 Prionospio Steenstrupi
4 Sigambra tentaculata
2 Anai ti des groenlandica
2 Aricidea (Acmira) quadrilobata
2 Het eromast us filiformis
2 Sphaer odoropsis sp. A
2 Sphaerodorum gracilis
2 Tharyx ?acutus
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Table 14. con't.

Depth  No/m@ Nane Rank
1800 m 304 Minuspio cirrifera l
126 Si ganbra tentaculata 2
106 Lunbrineris mnuta 3
34 Owenia fusiformis 4
28 Aricidea (Allis) cf. A suecica 5
20 Terebellides stroemi 6
16 Tachytrypane abranchiata 7
12 Capitella capitata 8
4 Heteromastus filiformis 10
4 Ophelina cylindridatus 10
4 Scoloplos acutus 10
2 Aricidea (Acmira) quadrilobata
2 Diplocirrus hirsutus
2 Diplocirrus longisetosus
2 Onuphis quadricuspis
2 Sternaspis scutata

Table 15. Cross-shelf trends macrofauna station environnental infornmation.

Depth Sedi nents (% Carbon (% Tenperature Salinity
(m gravel sand silt clay organic CO, (°C) °/00
5 0.0 73.2 16.9 9.9 0.09 3.15 2.08 22.08
10 0.0 53.3 38.8 7.9 0.03 11.60 2.15 22. 23
15 - e o - -—- -—= 1.88 31.45
23 0.0 7.2 40.8 52.0 0.00 6.59 -1.02 31. 27
47 20.3 32,7 24.8 22.0 0.04 7.60 T U
100 0.0 50.3 21.9 27.8 0.95 3.09 -0.95 32.58
200 0.0 11.9 44.6 43.5 - - -1.41 33.28
360 0.0 6.1 44.8 49.1 0.67 2.47 0.36 34.99
700 0.0 0.8 44.5 54.7 1.03 1.87 0.38 34.96
1800 0.0 0.6 38.3 61.1 1.20 1.41 T T
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Table 16. Expected species values of polychaetes at stations on the Pingok Island
cross-shelf transect.

Polychaetes # ind # Spp E(S,)
PIB-5 565 15 .13.07
4 2 ===

PIB-1 O 2927 23 13. 04
422 11 3.31

Pl B- 15 393 48 45,95
215 12 6.57

23 m 827 43 34. 77
171 12 h. 82

47 m 1370 60 40.71
75 11 8.63

100 m 632 48 39054
170 8 6.67

200 m 1681 34 22.82
61 5 4,14

360 m 1127 31 24. 61
26 Tooe

700 m 1546 32 22.26
143 4 3.55

1800 m 335 17 ——
204 5 3.12
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Fig. 45.

Phot ograph of the sea floor on the cross-shelf transect at 24 m
depth. The sedinents are disrupted due to scour fromthe over-
lying ice pack. Ophiuroids are visible although the photo

resolution is dinminished due to suspended sediments in the water
col um.
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Fig. 47. Photograph of the sea floor on the cross-shelf transect at 44 m
depth. Visible organisns include ophiuroids, tunicates, and
burrowi ng sea anenones.
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48.

Phot ograph of the sea floor on the cross-shelf transect at 80 m
depth. Sea anenpbnes and an abundant ophiuroid fauna are present.
The shadow in the center right of the photo is cast by a conpass
vane suspended beneath the canera frame.
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Fig. 49. Photograph of the sea floor on the cross-shelf transect at 145 m
depth.  Nunerous ophiuroids, sponges, and a comatulid crinoid are
evi dent.
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750 m

shel f transect at

Only a few ophiuroids and a zoarcid are visible.
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Phot ograph of the sea floor
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Fig. 52.
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Fig. 54.

Phot ograph of the sea floor on the cross-shelf transect at 2160 m
depth. A nunber of sea anenpbnes are evident in the sedinments.
The trails visible in the bottom and center of the photo are nade
by a large isopod which can be seen in the upper left corner.
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Appendix Il. Narwhal Island Ice Station data collected during project Sea Ice-80.
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Table 17

Sanpling program used in 1980 sea ice neiofauna study (Kern, 1981).

Dat e

4/14
4/24
5/5
5/11
5/15
5/19
5/26
6/2
6/5

$ -

*

# of quadrats
sanple d

3,

FWwWwWwWwwww

I ce Meiofauna Sanples

# of cores

per

quadr at

PPN PN W

t ot al

# of cores from
uncaged ice

O OY O O) OYW©O ©

Ice scraper sanples taken within 40 mof study grid; used only for

life-history studies.

Cores taken slightly outside study grid.
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Table 18. Aninal densities fromice nets (INB) from Narwhal |sland ice station
(NIO) collected on April 13 through "June 9, 1980.

Net Ani mal G oup

Number  Date Amphi pod Cycle. Harpac. Calan. Cnidaria Polychaeta Tot al

Tot al

INB1  April 13 252 252
INB 2 " 195 195
INB 3 " 69 69
INB 4 " 1 11
INB 5 ! 31 114
Tot al 640 1 - -- - T 641
INB 6  April 19 50 50
INB 7 " 70 70
INB 8 n 117 3 2 1 123
INB 9 " 45 45
INB 10 " 121 _ _ 121
Tot al 403 T -- 3 2 i 409
INB 11 May 5 37 37
INB 12 " 38 38
INB 13 I 32 32
INB 14 n 21 ! 22
INB 15 " 51 51
Tot al 179 - -- -- -- T 180
INB 16 May 17 30 1 1 32
INB 17 " 172 13 185
IMB 18 n 72 72
INB 19 n 50 1 51
INB 20 " 135 . 135
Tot al 459 - -- 15 T - 475
INB 21 May 31 36 3 39
INB 22 " 105 2 107
INB 23 " 55 55
INB 24 " 136 136
INB 25 n 98 _ _ 28
Tot al 430 -- -- 3 2 -- 435
INB 26 June 9 805 2 7 1 815
INB 27 " 905 4 1 910
INB 28 " 2082 10 l 1093
I NB 29 " 1144 ! 1145
INB 30 ! 464 2 466
INB 31 u 1564 2 1 1567
INB 32 I 1462 15 1477
INB 33 u 630 1 631

INB 34 " 512 6 1 519
INB 35 ! 718 46 . _ 725
Tot al 10,286 -- 48 1 3 T 10, 348



VGE

Table 19. Nurerical abundance and total wet weight of gammarid amphipod species collected from the
underice surface at the Narwhal 1Island ice station.

Sanpling date Speci es Abundance Tot al wet weight(mg
Z cm X Z cm X

13 April 1980 Pseudalibrotus litoralis 500 10.0 92.50 13504.3 2700.9 +2370.0
Weyprechtia pinguis 4 0.8 1.30 146,7 49.2  £29.3
Langunoganmar us setosus 2 0.4 0.55 . - -
Apherusa glacialis 1 0.2 0.45 9.5 1.9 = #*3.8
Pseudalibrotus sp. 111 22.2 20. 35 142.6 28.5  x22.5
(Amphipoda spp).! 20 4.0 4.69 -- .- o

19 April 1980 Pseudalibrotus litoralis 73 146 20. 34 1715.6  343.1 $427.9
Halirages mixtus 8 1.4 1. 34 87.8 17.6 £15.4. -
Apher usa glacialis 5 1.0 1.22 20. 4 4,1 - ta4.5 °
Gamuari dae sp. A 2 0.4 0. 89 - - B
Lagunoganmar us set osus 1 0.2 0.45 3.5 0.7 . #1.40
(Amphipoda spp.)l 262 52.4 50.73 T " ; -
Pseudalibrotus sp. 60 12.0 4.85 61.5 12.3 6.8
(Gammaridae) 2 1 0.2 0. 45 _— -- -—

5 May 1980 pseudalibrotus litoralis 43 8.6 7.64 1223.8  244.8 *220,1 .’
Halirages m Xt us 2 0.4 0.55 21.8 4.4 5.6
Lagunoganmar us setosus 2 0.4 0.55 97.6 19.5 +36.8 .
(Calliopiidae) 3=~ 1 0.2 0.4 - . -
Pseudalibrotus SP. 127 25.4 14. 03 172.9 34.6 *15.5 .

17 May 1980 Pseudalibrotus litoralis 74 14.8 16. 77 2163.2 432.6  t444.4
Halirages M Xt US 16 3.2 1.92 246. 8 49. 4 32,6
Gammaridae Sp. A 2 0.4 0.55 - T "
Weyprechtia Pi hgus 1 0.2 0.45 13.9 2.8 5,6
(Amphipoda spp.)! 239  47.8 45,12 -- - -
Pseudalibrotus SP. 117  23.4 10. 36 152. 6 30.5 13,9
Weyprechtia pingus 9 1.8 2.05 -- -
Lagunogammarus setosus 3 0.6 0.55 " " -
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Table 19. (cent. )

Sampling date

31 My 1980

9 June 1980

Speci es

Pseudalibrotus litoralis

Lagunoganmar us setosus
Halirgaes mixtus
Pseudalibrotus Sp.
(Anphi poda sp)?
Weyprechtia pinguis

Pseudalibtorus litoralis

Lagunogammarus setosus
Apherusa glacialis
Halirages m Xt us
Weyprechtia pinguis
(Calliopiidae) 3
Pseudalibrotus sp.
(Anphi poda spp.)!
Lagunogrammarus setosus
Weyprechtia pinguis
(Gammaridae) 2

103

189
115

157

6496
3491
18

1 includes Halirages sp.
2 includes Halirages Sp.
3 ?Lagunogammmarus Sp.

Weyprechtia sp.,

Weyprechtia sp.,

Abundance
O'm X
19.6 +14.05
1.8 £2.49
0.4 0,55
37.8 *19,02
23.0 +10.32
0.4 £0.55
15. 8 +18.02
2.9 +5.55
2.7 2,75
2.4 2,37
0.4 +0,97
0.1 +0.32
349.0 £334.79
649. 6 *411.06
1.8 £1,99
0.3 *0.95
0,1 *0.32

Tot al

3185.9
1211. 7

16.5
314.3

5753.6
3533.6
231.3
317.6
114.0

6623. 8

and/ or Apherusa sp.; possibly others
and/ or Apherusa sp., possibly others

wet weigth (mg)

637. 2



Table 20. Animal densities fromsedinent nets (sw) collected at Narwhal

Island ice station ) on April 17, 1980 (OCS-11).

Net Nunber
Phyl um d ass Order SNB1 SNB2 SNB3 snp4 swes  TQOTAL
Prot 0zoa Rhizopodea Foraminifera 4 5 2 1
Annelida Polychaeta 1 1
Hirudinea 1 2
Arthr opoda Crustacea  Amphipoda 252 6 17 20 300
Harpact icoida 1 1 2
Ostracoda 2 2 8 1 1 14
Cumacea 2 5 1
Mysidacea 26 2 23 24 2 7
TOTAL 283 15 60 31 25 414

Table 2. Aninal densities fromsediment nets (s collected at Narwhal |sland

ice station (o) on My 2, 1980 <QCS-11).

Net  Number
Phyl um Cl ass O der SNB6 snB7 swss swg9 SNB1O  TOTAL
Arthropoda crustacea  Anphi poda 16 12 13 11 23 75
Ostracoda 2 1 7
Cumacea 1 3 1 1 8
Mysidacea 11 4 b 10 16 47
TOTAL 28 21 20 27 @& 137

Table 22.  Animal densities fromsediment nets (sma))collected at Narwhal Island

ice station (o) on Nay 29, 1980 ((OCS-11

Net Nunber
Phyl um (ass Order SNB1l SNB12 SNB13 SNBI4 SNBLS TOTAL
Protozoa  Rhizopodea Foraminif €ra 9 8 b 11 b 40
Annelida Polychaeta 1 1
Arthr opoda Crustacea Amphipoda i 34 i 44 32 144
Ostracoda 1 6 6 10 12 35
Cumacea 4 12 6 9 3 34
Mysidacea ] 2 5 ] 7 24
Mollusca Pelecypoda 1 3 "
. Gastropoda 2 2
TOTAL 36 63 40 80 65 284
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Table 23. ?nqijsnﬁll)densities from sediment nets (s collected at Narwhal Island ice station (NIO) on June 7, 1980

Phyl um Class O der sNB16 swBl7 sne18 swel9 SNB20 sws21 SNB22 swe23 sws24 SNB25 TOTAL
Prot ozoa Rhizopodea Foraminifera 5 b 8 14 21 13 27 34 2a 12 168
Nenertinea 1 1
Annelida Polychaeta 3 b 10
Art hropoda Crustacea  Amphipoda 49 69 72 71 167 70 74 48 102 135 857
Harpacticoida 1 1 2

Ostracoda 2 7 11 9 30 9 14 4 7 9 102

Cumacea 32 35 36 60 91 42 128 89 107 76 696

Mysidacea 14 i 11 11 10 7 8 5 14 14 111

Mollusca Pelecypoda 1 2 1 2 b
Gas\tropoda 1 1 1 3

TOTAL 103 134 140 169 327 143 252 183 259 246 1956



Table 24. Environnental data measured at the Narwhal Island ice station
during spring, 1980.

Date/Time Depth(m) Conductivity Salinity ) Temperature (“Q
17 apr 80 0 27.41 35. 82 1.82
1 27.24 35.93 2.00
2 27.08 35. 64 2.00
3 27.08 35.09 2.00
4 27.07 35.28 <-2.00
5 27.14 35. 57 <-2.00
6 27.13 35. 45 <=2.00
1 27.15 35. 82 <~2.00
8 27.24 36. 02 <-2.00
19 aor 80 1315 0 21..31 34.90 1.40
1 21.14 34.95 <~1.50
2 27.10 35.50 <=2.00
3 27.10 35.50 <=2.00
4 27.17 35.73 <=2.00
5 27.23 36.17 <-2.00
b 27.34 36. 30 <-2.00
1625 0 27.16 35.50 1.70
6 27. 33 36.03 <~2.00
2 apc 80 1201 0 26. 80 34.10 ~1.70
1 26. 74 34.83 <~2.00
2 26.75 34.96 2.00
3 26.78 34.94 <~2.00
4 26.76 35.19 <~2.00
5 26.75 35. 17 <-2.00
6 27.15 35.85 <~2,00
1500 0 26.78 34. 67 <~2.00
6 27.82 36.78 <=2.00
28 Apr 80 1909 0 26. 88 34.70 -2.00
1 26. 89 35.32 <-2.00
2 26. 86 35.28 <~2.00
3 26. 86 35.39 <=2.00
4 26.91 35. 45 <-2.00
5 27.00 35. 68 <=2.00
6 27.24 35.76 <-2.00
30 apr 80 0845 0 26. 74 35.70 <-2.00
1 26. 80 35.84 <-2.00
2 26. 82 35.67 <-2.00
3 26. 82 35.72 <=2.00
4 26. 98 35. 88 <=2.00
5 27.06 35.92 <=2.00
6 27.39 36. 48 <-2.00
1035 0 26.77 35. 46 <=2.00
6 27.30 36. 29 <-2.00
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Table 24.  (cent. )

Date/Time Depth(m Conductivity Salinity ("LO Tenperature (“Q
30 Apr 1235 0 26. 84 34. 86 <2.1313
1 26. 82 34.37 -1.78
2 26. 85 34.70 -1.73
3 26. 85 35.01 <-2.00
4 26. 86 35. 26 <-2.00
5 26.90 35.42 <~2.00
6 27.35 36.23 <-2..00
1436 0 26.76 35. 05 <=2.0
6 27.14 35. 69 <-2.0
1638 0 26.79 33. 74 -1.69
1 26. 75 34.70 -2.00
3 26.78 34. 88 <-2.00
4 26.98 35.33 <-2.00
5 27.19 35.51 <-2.00
6 27.30 35.90 <-2.00
1834 0 26.76 35. 14 <-2.(30
6 27.29 35.91 <-2.00
2032 0 26. 92 35.05 <-2.00
1 26. 84 35.23 <~2.00
2 26. 84 35.20 <=2.00
3 26. 84 35.27 <-2.00
4 26. 94 35.51 <=2.00
5 27.33 35. 98 <=2,00
6 27.40 35.98 <-2.00
2230 0 26. 86 35.21 <~2.00
6 27.49 36. 52 <-2.00
1 May 80 0034 0 26. 81 35. 08 <~2.00
1 26. 85 35.16 <=2.00
2 26. 85 35.34 <-2.00
3 26.91 35.41 <-2.00
4 27.12 35. 80 <=2,00
5 27.15 35.92 <2113
6 27.38 36.21 <-2.00
0240 0 26. 83 35. 08 <=2.00
6 21.42 36. 06 <-2.00
0447 0 26. 83 34. 45 -1.65
1 26. 82 34.84 <~2.00
2 26. 82 34.95 <-2.00
3 26. 83 35.18 <-2.00
4 26. 89 35. 38 <-2.00
5 21.29 36.03 <-2.00
6 21.37 36. 14 <-2.00
0650 0 26. 77 34.93 <-2.00
6 27.16 35. 58 <-2.00
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Table 24.  (cent. )

Dat e/ Ti ne

5 May 80

7 ¥ay 80

0930

1533

0920

0935

1135

1330

1535

1758

1934

Depth (m Conductivity Salinity(°/,0) Tenperature ¢°c)
0 27.08 33.40 -1.30
1 26. 86 34.92 <-2.00
2 26. 87 35.05 <~2.00
3 26. 87 35.23 <-2.00
4 27.03 35. 41 <-2.00
5 27.13 35.50 <-2.00
6 27.55 36. 39 <~2.00
0 26. 91 35. 23. <-2.00
b 21.2.5 36. 00 <-2.00
0 27.10 33. 68 -0.78
1 26. 88 33.93 -0.91
2 26. 86 34.08 -0.97
3 26. 93 34.99 <-2,00
4 27.28 35. 62 <-2.00
5 27.45 36. 31 <-~2.00
6 27.59 36. 50 <2.(3(3
0 27.03 34. 80 -2.00
1 26.91 35. 28 <2, 00
2 26.93 35.00 <=2.00
3 26. 93 35.21 <2, 00
4 27.31 35.95 <-2.00
5 27.49 36. 32 <~2.,00
6 27.54 36. 40 <=2.00
0 26.94 35.50 <-2.00
6 27.55 36.79 <-2.00
0 26.71 35. 56 <-2.00
1 26. 96 35.87 <-2.00
2 27.00 35.84 <-2.00
3 7.00 35.93 <-2,00
4 27.25 36. 27 <=2.00
5 21.55 36. 62 <-2.00
6 27.69 36. 81 <-2.00
0 26.91 35.77 <-2.00
6 27.55 36. 80 <-~2.00
0 26. 81 35.87 <-2.00
1 26.93 35. 89 <-2.00
2 26. 93 35. 89 <~2.00
3 26.92 35.75 <-2.00
4 26.96 35.74 <-2.00
5 27.18 36.21 <-2.00
6 27.52 36.67 <-2.00
0 26.93 35.74 <-2.00
6 26.99 36.19 <-2.00
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Table 24. (cont.)

Dat e/ Ti ne

7 may 80

8 My 80

11 May 80

15May 80

17 May 80

19 May 80

2135

2330

0145

0330

1605

1430

1149

0947

131

Dept h(m Conductivity Salinity °/..).
0 26. 62 36. 15
1 26.92 36.52
2 26. 93 36. 39
3 26. 95 36. 34
4 26.99 36. 40
5 21.42 36. 98
6 27.55 36. 80
0 26. 88 36.33
6 27.45 37.69
0 26. 46 38.53
1 26. 84 39. 17
2 26. 80 39. 17
3 26. 80 38.63
4 21.02 38.90
5 27.44 39.58
6 27.53 39.83
0 26.57 39.31
6 26.92 40.00
0 26.90 34.70
1 26.79 34.92
2 26. 80 35.10
3 26. 80 35.20
4 26. 90 34. 60
5 27.19 36.00
6 27.39 36. 30
0 26. 94 35. 36
1 26. 96 35. 30
2 26. 98 35. 60
3 26.90 35.42
4 26. 96 35.54
5 21.02 35.78
b 27.10 35.78
0 26. 88 35. 30
1 26. 88 35. 88
2 26. 98 35.70
3 26. 96 3B.70
4 27.06 35.72
5 27.08 35.82
6 27.13 36. 00
0 26. 62 36.22
1 26.72 35.44
2 26. 74 35. 46
3 26. 76 35. 60
4 26. 76 35. 60
5 21.06 36.20
6 27.15 36.14

Tenperature (¢

<-2.00
<-2.00
<~2.00
<-2.00
<=2.00
<-2.00
<-2.00

<-2.00
<-2.00

<<-2.00



Table 24. (cent. )

Dat e/ Ti me Depth (n Conductivity Salinity (") Temperature ( 'Q
19 May 80 1145 0 26. 76 35.20 <=2.00
6 21.15 36.10 <-2.00
1350 0 26. 85 34.22 0.80
1 26.73 34.92 2.00
3 26.71 34.80 <=2.00
4 26.74 35.12 <-2.00
5 26. 81 35.40 <-2.,00
b 26.94 35. 56 <-2.130
1742 0 26. 80 32.60 0.10
b 26. 92 34.20 1.30
1929 0 21."08 33.14 0.76
1 26. 84 33.30 1.50
2 26. 84 35.00 1.77
3 26. 88 34.92 <~2.00
4 26. 84 35.10 <=2.00
5 26.92 35. 48 <=2.00
6 27.08 35.48 <-2.00
2135 0 26.90 34. 40 -1.30
6 26. 17 35.85 <-2.00
2340 0 26.90 34. 24 1.70
1 26.90 35.26 <-2.00
2 26. 90 35.20 <-2.00
3 26.90 35. 60 <-2.00
4 26.90 35.18 <=2.00
5 27.10 35.80 <=2.00
6 27.26 36.12 <-2.00
20 May 80 0730 0 26.78 33.82 -1.08
1 26.74 34.06 -1.97
2 26.76 34.58 -1.74
3 26. 74 34.50 -2.00
4 26.74 34.90 <-2.00
5 26.94 34.73 <=2.00
6 27.42 36. 20 <-2,00
22 May s 1240 0 26. 18 33.59 2.00
1 26. 28 34.27 <=2.00
2 26. 34 34.27 <=2.00
3 26. 34 34.48 <=2, 00
4 26. 34 34.16 <=2.00
5 26.50 34.30 <=2.,00
b 26. 84 35.42 <=2.00
26 May 80 0930 0 26. 31 34.20 <-2.00
1 26. 32 34.50 <-2.00
2 26.31 34. 43 <-2. 00
3 26.32 34.43 <=2.00
4 26. 42 34. 62 <=2.00
5 26,42 34.54 <=2.00
6 26. 54 34.96 <-2.00

132



Table 24.  (cont.)

Date/Time

29 ray 80

31 vay 80

2 June 80

0900

0945

0900

1100

1300

1500

1700

1900

2100

Depth (m Conductivity Salinity (el.. ) Temperature (“Q
0 26. 55 34.94 <~2.00
1 26. 55 34.98 <-2.00
2 26. 54 34,93 <~2,00
3 26. 56 34.94 <=2.00
4 26. 61 34.96 <=~2.00
5 26. 65 35. 06 <=2.00
6 26.70 35.08 <=2.00
0 26. 50 35.04 <-2.00
1 26.58 34.96 <2 .00
2 26.58 35.12 <-2.00
3 26. 61 35.22 <-2.00
4 26. 68 35.22 <-2. 00
5 26. 75 35.22 <-2.00
6 26. 85 35.22 <-2.00
0 26.59 34. 84 <-2.00
1 26. 62 34.84 <-2.00
2 26. 65 34,90 <-2.00
3 26. 69 34.98 <-2.00
4 26. 66 35.05 <~2,00
5 26.70 35.11 <=2.00
6 26. 75 35.11 <-2.00
0 26. 65 35.05 -1.75
6 26. 96 35.53 <~2.00
0 26. 64 31.90 +0.57
1 26.76 34. 89 <=2, 00
2 26. 76 34,99 <-2,00
3 26.76 35.09 <-2.00
4 26. 78 34.79 <-2.00
5 26. 85 35. 26 <-2.00
6 26. 82 35.23 <~2.00
0 26.76 33.04 +0.59
6 26. 69 34,59 <-2.00
0 27.04 32.49 +0.09
1 26. 81 34.61 <=2.00
2 26. 83 34,26 -1.85
3 26. 81 34. 80 <-2.00
4 26. 81 34.76 <=-2.00
5 26. 82 35.09 <-2.00
6 26. 85 35.18 <-2. 00
0 27.01 32.88 -0.51
6 26. 90 34,95 -1.65
0 27.01 33. 27 -1.03
1 26. 83 34.95 <-2.00
2 26. 83 34.94 <-2.00
3 26. 83 34.90 <-2.00
4 26. 82 34.88 <=2.00
5 26. 85 34.82 <-2.00
6 26. 85 34.94 <-2.00
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Table 24.  (cent. )
Dat e/ Ti e Dep

—

h(n Conductivity Salinity(°/os ) Tenperature (“Q

2 June 80 2300 0 26.97 31.26 +0. 64
6 26.94 33. 82 -0.70

3 June 80 0100 0 27.00 31.39 +1.14
1 26.72 32.94 -1.32

2 26.70 33.74 -1.45

3 26. 74 34.58 -2.00

4 26. 75 34.72 <-2.00

5 26.79 35. 06 <~2.00

6 26. 77 35. 04 <-2.00

0300 0 27.08 29. 89 +0. 82

6 26. 96 34.88 <-2.00

0500 0 26. 92 32.96 +0.23

1 26. 81 31.50 -0.32

2 26.97 32.62 -0.42

3 26. 94 34. 69 -1.90

4 26.90 34.85 <-2,00

5 26. 93 35.17 <'-2.00

6 26. 92 35.11 <-2.00

0700 0 26. 96 30.79 +, 22

6 27.06 33.67 +0. 06

5 June 80 0840 0 26. 06 33.68 <~2.00
1 26. 75 34.47 -1.90

2 26. 84 35.03 <=2.00

3 26. 86 35. 26 <-2.00

4 26.93 35.26 <~2.00

5 26. 98 35.39 <-2.00

6 27.01 35.54 <~2.00

7 June 80 0840 0 25. 63 32.30 -1.46
1 26. 62 34.51 <~2.00

2 26. 75 34.94 <-2.00

3 26. 77 34. 89 <-2.00

4 26. 89 35.23 <-2.00

5 27.05 35. 46 <-2.00

6 27.10 35. 60 <-2.00

9 June 80 0840 0 2.73 2.81 0.44
1 26. 22 34.06 <=2.00

2 26. 30 33. 86 1.84

3 26. 54 34.71 <-2.00

4 26. 74 35.10 <~2.00

5 26. 87 35.11 <-2.00

6 26. 89 35.28 <-2.00

11 June 80 0833 0 1.56 1.56 -0.31
1 19.58 23.48 -1.17

2 26. 06 33.82 -2, (M

3 26. 65 34. 84 <-2. 00

4 26. 76 35.21 <~2.00

5 26. 80 35.03 <-2.00

6 26. 90 35.38 <~2.00
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Ge1

Tabl e 25. Mean abundance per 100 cnf for major taxa collected on each sanpling date. X: Mean, SD:
Standard deviation. The results of one-way ANOVA's are given at right.

424 _ 5/5 _ 511 _ 515
G oup X SD X SD X SD X SD
Nemat oda 3.59 1.95 9.23 10. 51 34. 84 33. 92 6. 36 17.74
Copepoda 50.94 28.13 27.21 13.62 24.63 10.06 57.74 27.59
Turbellaria 2.96 2.53 2.06 2.15 4.82 3. 45 6.16 4,42
Polychaeta 51.07 65. 30 14.63 19.51 1.35 0.87 9. 62 13.12
Amphipoda 2.82 2.09 2.18 2.34 2.31 1. 63, 6. 54 4.04

519 _ 5/26 _ 6/2 Si gni fi cant Change
G oup X SD X SD X SD over time? (P)
Nenat oda 175.34 129. 66 186. 71 145. 44 250. 22 76.63 yes (<.002)
Copepoda 109. 71 56. 63 125. 11 91. 39 69. 87 36. 51 Yes (<.002)
Turbellaria 52.93 14. 56 26. 56 9. 49 151. 67 22. 65 Yes (<.002)
Polychaeta 7.89 6.42 18. 10 21.86 8.08 5. 89 Yes (<.002)

Amphipoda 9.24 7.04 11.93 7.47 2.51 1.99 Yes (<.002)



981

Tabl e 26. Mean abundance per 100 cnf for the five dom nant copepod species on each sanpling date.
The results of one-way ANOVA's are given |ast.

X: Mean, SD. Standard devi ati on.

4] 24 515 5/11° 5/ 15

G oup X SD X SD X SD X SD
Cyclopina 22.97 13. 26 15. 27 9.43 10. 20 5.99 29. 65 18.00

gracilis
Harpacticus sp. 10. 39 7.96 6.55 4. 65 5.58 3.13 11.74 6.83
Halectinosoma sp. 15.52 11. 41 4.11 2.45 8.08 2.92 9.82 7.37
(Oncaea sp. 0.51 0.84 0.25 0.51 0. 38 0.60 2.51 2.36
Dact yl opodi a 0.77 1.15 0.13 0.38 0.0 0.0

signat a

_ 5/19 5/ 26 6/2 Si gni fi cant change

G oup X SD X SD X SD over time? (P)
Cyclopina 60.78 34.24 76.99 40.73 34. 65 27. 27 Yes (<.002)

gracilis
Harpacticus sp. 31.56 15. 16 17.90 10. 65 20. 59 13. 45 Yes (<.002)
Halectinosoma Sp. 14. 05 12. 38 27.52 34.51 8.08 5.01 No
(Oncaea sp. 2..35 0. 87 0.38 0.95 1.73 2.71 Yes (<.05)
Dactylopodia 0.77 1.19 0.35 0.95 0.0 No

sianata



Table '27. Sunmary of life-history data for Harpacticus sp. and
Cyclopina gracilis.

Cyclopina gracilis

% Femal es % Fenal es of $ Gavid Fenal es
Date  of Adults al | sexable % Adults of Adult Females
4/ 14 94.4 96.0 18.0 0.0
4/24 79.2 68.1 4.9 11.1
5/'5 58.2 67.4 56. 3 0.0
5/11 32.4 39.5 64.2 9.1
5/'15 34.0 41.5 65. 4 5.9
5/19 36.1 46. 8 46. 8 1.9
5/26 43. 8 48.1 47.3 4.9
6/ 2 45.0 47. 4 55.6 0.0
6/5 55.0 57.1 60.0 0.0
Harpacticus Sp.
% Fenal es % Femal es of % Gavid Femal es
Dat e of Adults al | Sexable % Adul ts of Adult Fenal es
4/14 0.0
4/24 25.0 0.0
5/5 40.5 0.0
5/11 11.1 45.0 31.0 0.0
5/15 16.7 34.4 70.0 0.0
5/19 22.8 39.1 62. 6 0.0
5/ 26 42.7 53.8 80.6 6.8
6/ 2 33.9 56.0 55.1 12.8
6/5 35.3 56.5 51.0 0.0
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Tabl e 28.

Gammarid

Underice:

M d-water:

Benthos:

amphipod species associated wth

under sur f ace, wat er col um,

at

Amphipod species-~

Pseudalibrotus litoralis
Halirages mixtus
Lagunogammarus setosus
Apherusa glacialis
Weyprechtia pinguis

Pseudalibrotus litoralis
Halirages mixtus

Dediceros borealis
Apherusa glacialis
Langunogammarus set osa
7Anonyx nugax

Weyprechtia pinguis

Monocu lodes borealis
Acanthostepheia incarinata

Monoculodes borealis
Pseudalibrotus litoralis
Onisimus affinis

Onisimus plautus
Acanthostepheio malmgreni
Onisimus cf. derjugini
Oediceros borealis
Monoculopsis borealis
Apherusa glacialis
7Anonyx nugax
Acanthostepheia incarincta
Halirages mixtus
Lagunogammarus setosus
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Appendi x 111. Narwhal Island Particle Flux data collected during project Sea
| ce- 80.
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Tabl e 29

Sanpl e Date

24 April

3 My 80

80

Sea |ce-80 Particle Data.

Col l ection
Nunber

Filter 11

Filter 12

Filter 14

Filter 18

19

Filter

Filter 20

140

Materia
- fecal pellet 'A
fecal pellet tsmall A
fecal pellet ‘B
unconsol i dated fecal pellets
fecal pellet ‘A
fecal pellet. ‘small A
fecal pellet ‘B

I

unconsol i dated Oateri al
crustacean exoskel etons
gammarid anphi pod
calanoid copepod

? egg”

fecal pellet ‘A

fecal pellet ‘small A

fecal pellet ‘B

unconsol i dated fecal pellets

crustacean exoskel etons
gammarid amphipods
har pacti coi d copepods

fecal pellet ‘A
fecal pellet ‘small A
fecal pellet 'B

unconsol i dated fecal pellets
crustacean exoskel etons

fecal pellet ‘A
fecal pellet 'small A
fecal pellet 'B

unconsol idated fecal pellets
crustacean exoskel etons

fecal pellet 'A

fecal pellet ‘small A

fecal pellet ‘B

unconsol i dated fecal pellets

crustacean exoskel etons
harpacticoid copepods
cumacean



Table 29. con't.

Col l ection Mater ial
Sanpl e Date Nurber
11 May Filter 26 56 - fecal pellet ‘A
28 - fecal pellet ‘smll A’
11 - fecal pellet “B~”
20 - unconsolidated fecal pellets

64 - crustacean exoskel etons
2 - harpacticoid copepods

Filter 29 70 - fecal pellet *A
49 - fecal pellet ‘small A
7 - fecal pellet 'B
10 - unconsol idated fecal pellets
62 - crustacean exoskel etons
3 - gammarid anphi pods
2 - harpacticoid copepods

Filter 32 62 - fecal pellet A"
27 - fecal pellet ‘small A
5 - fecal pellet ‘B’
7 - unconsol idated fecal pellets
26 - crustacean exoskeletons

22 May Filter 34 78 - fecal pellet ‘A
67 - fecal pellet ‘small A
7 - fecal pellet 'B
10 - unconsolidated materia
9 - crustacean exoskel etons
1 - gammarid anphipod
2 - calanoid copepod

Filter 35 44 - fecal pellet ra'
69 - fecal pellet 'small A
5 - fecal pellet ‘B
15 - unconsolidated mteria
1 - crustacean exoskel etons
1 - | sopod

Filter 36 29 - fecal pellet ‘A
50 ~ fecal pellet ‘small A
11 - fecal pellet ‘B
41 - crustacean exoskel etons
1 - isopod
2 - 7 eggs
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Tabl e 29.

Sanple Date

29 May

5 June 80

con't.

Col | ection

Nunber

Filter 42

Filter

Filter

Filter

Filter

Filter

43

46

50

52

56

49 -
107 -

142

Mat eri al

fecal pellet 'Ar

fecal pellet ‘small A

fecal pellet ‘B

unconsol i dated fecal pellets
crustacean exoskel etons

fecal pellet 'A

fecal pellet ‘small A

fecal 'pellet ‘B
unconsolidated fecal pellets
crustacean exoskel etons

fecal pellet ‘A

fecal pellet ‘small A

fecal pellet 'B!

unconsol i dated fecal pellets
crustacean exoskel etons

€gg

fecal pellet *A

fecal pellet ‘small A
unconsol i dated fecal pellets
ganmarid anphi pod

fecal pellet 'B
unconsol i dated fecal pellets

fecal pellet ‘A

fecal pellet ‘small A

fecal pellet ‘B

unconsol i dated fecal pellets
crustacean exoskel etons



Table 30. Total particle flux to the sedinent per unit area

per day.
Total Particle Counts
Sanpl e Date Particl e Flux/m®/day
24 April 1980 1627 + 768
3 May 1980 1564 + 799
11 May 1980 2212 + 484
22 May 1980 1648 + 144
29 May 1980 2010 + 325
5 June 1980 611 + 253
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Table 31. Flux Rate of Major Particle Types.
Flux/mzlday
Sanpl e Col l ection Fecal Pellet Fecal Pellet Fecal Pellet Crustacean
Dat e Nunber TA' ‘small A 'B* Exoskel et on
24 Apr 80 Filter 11 806 47 111 47
Filter 12 1643 142 158 395
Filter 14 648 158 126 158
Average # s.d. = 1032 + 534 116*60 132 + 24 200 + 178
3 May 80 Filter 18 632 316 32 205
Filter 19 269 158 174 16
Filter 20 537 253 63 1390
Average + s.d. = 479 & 188 242 + 80 90 £+ 75 537 + 745
11 May 80 Filter 26 737 369 145 843
Filter 29 922 645 92 816
Filter 32 816 355 66 342
Average + s.d. = 825 + 93 456 + 164 101 + 40 667 + 282
22 May 80 Filter 34 880 756 79 102
Filter 35 496 779 56 1
Filter 36 327 564 124 462
Average = s.d. = 568 + 283 700 £ 118 86 + 35 192 + 239
29 May 80 Filter 42 645 1409 66 198
Filter 43 672 816 158 53
Filter 46 579 1185 66 53
Average + s.d. = 632 + 48 1137 + 299 97 + 53 101 + 84
5 June 80 Filter 50 32 0 16 0 “
Filter 52 0 0 16 0
Filter 56 111 111 16 95
Average + s.d. = 42 + 57 37 + 64 61 £ 0 32 £+ 55
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Table 32. Sea-lce 80 Particle \Wight Data.

Dry Weights (grams)

Tot al

Sanpl e Collection Filter + Pre-fired Uncorrected Salt Correction Sanple
Dat e Nurber Sample  Filter W. Sample W. (g. NaCl) Veéi ght
24 Apr 80 Filter 11 1. 0719 0.8232 0.2487 0.1779 0.0708
Filter 12 1. 1420 0.8206 0.3214 0.2284 0.0929

Filter 14 1. 1544 0.8226 0.3318 0.2176 0.1142

3 My 80 Filter 18 1. 1004 0.8220 0.2784 0.2246 0.0538
Filter 19 1.2598 0.8224 0.4376 0. 1452 0.2922

Filter 20 1. 5045 0.8203 0.6842 0.2137 0.4705

11 May 80 Filter 26 1. 4047 0.8239 0.5808 0.1414 0.4394
Filter 29 1.1072 0.8244 0.2828 0.22329 0.0499

Filter 32 2. 0641 0.8167 1.2474 0.2809 0.9665

22 May 80 Filter 34 1. 0979 0. 8201 0.2778 0.2323 0.0455
Filter 35 1. 2217 0. 8221 0.3996 0.1920 0.2076

Filter 36 1.2223 0. 8320 0.3903 0.1638 0.2265

29 May 80 Filter 42 1.2594 0.8243 0.4351 0.2489 0.1862
Filter 43 1.0821 0.8232 0.2589 0.2137 0.0452

Filter 46 1.2531 0.8262 0.4269 0.2052 0.2017

5June 80 Filter 50 0.9115 0.8246 0.0869 0.0493 0.0376
Filter 52 0.8900 0.8175 0.0725 0.0250 0.0475

Filter 56 1.1081 0.8298 0.2783 0.0371 0.2412
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Table 33. Total Particle Dry Wights

Mean Particle Weight

Sanpl e Dates per collection (grans) Fl ux (grams)/m/day
24 April 80 0.0926 + 0.0217 1.46 £ 0.34
3 May 80 0.2722 + 0.2091 4.30 + 3.30
11 May 80 0. 4852 + 0.4600 6.39 + 6.06
22 May 80 0.1599 + 0.0995 1.80 + 1.12
29 May 80 0.2444 1+ 0.0862 1.90*1. 14
5 June 80 0.1088 + 0.1148 1.72 £ 1.81
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Table 34. Sea-lce '80 Carbon/Nitrogen flux rates, ‘Narwhal Island lce Station.

Sanpl e Col l ection Flux/mé/da y
Dat e Nunber Carbon (ng) £ S.D. Ni trogen (mg) + S.D.
24 Apr Filter 11 25.45 £ 5.08 0.33 + 0.40
Filter 12 59.12 = 13.16 1.48 + 0.88
Filter 14 58.50 + 17.74 1.59 * 0.59
Aver age 47.69 ¢ 20. 26 1.13 £+ 0.84
3 My Filter 18 33.93 + 4.26 1.27 + 0.34
Filter 19 43.71 * 17.09 1.05 ¢+ 0.51
Filter 20 43.50 & 8.92 2.37 + 0.94
Aver age 40.37 £ 11.36 1.56 + 0.84
11 May Filter 26 40.28 + 14.04 1.65 + 0.62
Filter 29 47.03 £ 9.16 2.06 £ 0.90
Aver age 43.65 ¢ 11.84 1.86 * 0.77
22 May Filter 34 31.67 + 7.21 1.39 + 0.81
Filter 35 29.73 + 3. 75 0.81 + 0.43
Filter 36 25.75 £ 2.92 1.13 £ 0.72
Aver age 29.05 + 5.19 1.11 £ 0.65
29 May Filter 42 29.12 + 3.72 1.50 ¢+ 0.51
Filter 43 52.34 + 8.56 4.92 + 0.74
Filter 46 57.29 1 0.60 7.05 + 1.10
Aver age 46.25 + 13.890 4.49 ¢ 2,50
5 Jun Filter 50 21.58  6.95 1.02 + 0.40
Filter 52 20.58 + 4.56 0.89 + 0.50
Filter 56 51.31 + 10.00 2.03 + 1.63
Aver age 31.16 + 16. 36 1.31 +1.06
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Table 35. Sea lce-80 Nitrogen Flux, Narwhal Island Ice Station.
Ni trogen Flux/Collector
Sanpl e Col I ection t ot al m° day
Dat e Nunber (ng) (mg) (mg)
24 Apr Filter 11 0.021 1.642 0.004
Filter 12 0.093 7.382 0.019
Filter 14 0.101 7.965 0.020
3 May Filter 18 0.080 6.353 0.016
Filter 19 0.006 5.249 0,013
Filter 20 0.150 11.863 0.030
11 May Filter 26 0.125 9.914 0.021
Filter 29 0.156 12.359 0.026
22 My Filter 34 0.123 .9.699 0.018
Filter 35 0.071 h. 648 0.010
Filter 36 0.100 7.888 0.014
29 My Filter 42 0.114 9.024 0.019
Filter 43 0.37 4 29.542 0.062
Filter 46 0.536 42.311 0.089
5 Jun Filter 50 0.064 5.080 0.013
Filter 52 0.057 4.466 0.011
Filter 56 0.128 10.144 0. 026
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Tabl e 36.

Sea | ce-80 Carbon Flux, Narwhal

Island Ice Station.

Carbon Flux/ Col | ector
m

Sanpl e Col l ection total day
Dat e Nunber () (mg) (mg)
24 Apr Filter 11 1.61 127.18 0.32
Filter 12 3.74 295.61 “0.75
Filter 14 3.70 292 .52 0.74
3 May Filter 18 2.15 169.63 0.43
Filter 19 2.77 218.51 0.55
Filter 20 2.75 217.48 0.55
11 May Filter 34 3.06 241.70 0.40
Filter 29 3*57 282. 19 0.60
22 Nay Filter 34 2.81 221.70 0.40
Filter 35 2.63 208. 12 0.38
Filter 36 2.28 180. 25 0.33
29 May Filter 42 2.21 174.69 0.37
Filter 43 3.97 314.04 0.66
Filter 46 3.25 256.55 0.54
5 Jun Filter 50 1.37 107.90 0.27
Filter 52 1.30 102.92 0.26
Filter 56 3.25 256.55 0. 65
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Table 37. Sea Ice-80 Carbon/Nitrogen flux rates, Narwhal Island Ice Station.

Sanpl e Col | ection Flux/m2/day
Dat e Nunber Carbon (ng) # S.D. Nitrogen (ng) + S.D.

24 Apr Filter 11 25.45 + 5.08 0.33 + 0.40
Filter 12 59.12 + 13.16 1.48 + 0.88
Filter 14 58.50 + 17.74 1.59 + 0.59
Aver age 47.69 + 20.26 1.13 + 0.84
3 My Filter 18 33.93 + 4.26 1.27 + 0.34
Filter 19 43.71 £ 17.09 1.05 + 0.51
Filter 20 43.50 + 8.92 2.37 + 0.94
Aver age %0.37 + 11. 36 1.56 + 0.84
11 May Filter 26 40.28 + 14.04 1.65 + 0.62
Filter 29 47.03 £ 9.16 2.06 + 0.90
Aver age 43.65 + 11.84 1.86 + 0.77
22 May Filter 34 31.67 + 7.21 1.39 + 0.81
Filter 35 29.73 + 3.75 0.81 + 0.43
Filter 36 25.75 + 2.92 1.13 £ 0.72
Aver age 29.05 + 5.19 1.11 + 0.65
29 My Filter 42 29.12 £ 3.72 1.50 + 0.51
Filter 43 52.34 + 8.56 4.92 + 0.74
Filter 46 57.29 £+ 0.60 7.05 + 1.10
Aver age 46,25 + 13.890 4.49 + 2.50
5 Jun Filter 50 21.58 £ 6.95 1.02 + 0.40
Filter 52 20,58 £ 4.56 0.89 + 0.50
Filter 56 51.31 £ 10.00 2.03 + 1.63
Aver age 31.16 + 16.36 1.31 + 1.06
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Figure 55, Total glass-fiber filter surface froma particle trap to
illustrate general appearance after a six-day depl oyment
at the Narwhal Island Ice Station, 1980. Note the exclusion
of the filter edge for analysis.
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Figure 56. Enlargement of “large” fecal pellet fromthe particle trap
gl ass-fiber filter pads deployed at the Narwhal Island Ice
Station, 1980. Forned by Msis reli.eta.
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Fi gure 57. Scanning el ectron micrograph of Mysis relicts fecal pellet
collected by particle trap, Narwhal Island lce Station,
1980.
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Figure 58. Detail of broken end of Mysis relicts fecal pellet collected
by particle trap at the Narwhal Island Ice Station, 1980
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Figure 59, Further detail of broken end of Mysis relicts fecal pellet
collected by particle trap at the Narwhal Island lce Station,
1980. Note the heterogeneity and fragnented nature of the
pel l et contents.
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Fi gure 60. Scanning el ectron micrograph of “small” fecal pellets
collected by particle trap at the Narwhal Island Ice
Station, 1980. Fornmed by Pseudalibrotus litoralis.
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Figure 61. Scanning el ectron micrograph of a squashed preparation of a
Pseudalibrotus litoralis fecal pellet collected by particle
trap, Narwhal Island Ice Station, 1980. Note the diatom
test conposition.
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Figure 62. Detail of the diatom tests that conpletely fill the
Pseudalibrotus litoralis fecal pellet in Fig. 61 .
Collected at the Narwhal Island Ice Station, 1980.
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Figure 63. Additional detail of diatomtest fragnents that conpletely
fill the Pseudalibrotus litoralis fecal pellet in Fig. 61.
Col lected at the Narwhal Tsland Ice Station, 1980.
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Appendix IV:  Voucher material submitted to the Marine Invertebrate Zool ogy
section, California Acadeny of Sciences.
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Table 38. List of Polychaeta: Annelida species submtted to the OSCEAP Voucher
Col lection, California Acadeny of Sciences

Aglaophamus malmgreni
Allis nr suecica
Amage auricula
Anphar et e acutifrons
Ampharete arctica
Anphar et e go&si
Ampharete vega

Anphi ctei s sundevalli
Anai ti des groenlandica
Antinoella sarsi

Api st obranchus tullbergi
Arcteobi a anticostiensis
Arenicola glacialis
Ari ci dea quadrilobata
Artacama probosci dea
Autolytus al exandri
Autolytus fallax

AXi oni ce maculata
Barantolla sp.

Brada inhabilis

Brada villosa

Capitella capitata
Chaet ozone setosa

Chone duneri

Chone infundibuliforms
Chone Nr murmanica
Cistenides hyperborea
Clymenura pol aris
Cossura longocirrata
Diplocirrus glaucus

Diplocirrus hirsutus
Diplocirrus longisetosus
borvillea sp.

Eni po canadensi s

Et eone | ongs

Euchone analis

Euchone elegans

Euchone incolor

Euchone papillosa
Eucranta wvillosa

Eunoe oerstedi
Eusyllis blomstrandi
Exogone nhai di na
Flabelligera affinis
CGattyana ’'cirrosa
Glycera capitata
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Glycinde W reni
Glyphanostomum pallescens
Har not hoe inbricata
Heteromastus filiformis
Lagi sca extenuata

Lanassa venusta

Laoni ce cirrata

Laonone kroyeri

Laphani a boecki
Leitoscoloplos acutus

Levi nseni a gracilis
Lunbrineris fragilis
Lunmbrineris impatiens
Lumbrineris latreilli
Lunbrineris minuta
Lumbrineris sp. A
Lysilla loveni

Lysi ppe labiata
Magelona longicornis
Maldane sarsi

Marenzelleria wireni
Melaenis loveni
Melinna cristata
Microclymene sp.
Micronephthys minuta
Microspio t heeli
Minuspio cirrifera
Myriochele heeri
Myriochel e oculata
Mystides borealis

Nemidia torelli
Nephtys ciliata
Nephtys longosetosa
Nephtys paradoza
Ner ei nyra aphrodit oi des
Nerei s zonata

Nicolea zostericola

Not hri a conchylega
Notomastus latericeus
Onuphis quadri cuspis

Ophelina acuminata
Ophelina cylindricaudatus
Ophelina groenlandica
Ophryotrocha sp.

Oneni a collaris
Paranphitrite tetrabranchia



Table 3¢, Li St of Polychaeta: Annelida species subnmitted to the OSCEAP Voucher
Col lection, California Acadeny of Sciences (cont'd)

Paranai ti des wahlbergi
Parheteromastus sp. A
Petaloproctus tenuis
Pherusa plumosa

Pholoe mi nuta
Pionosyllis compacta
Pista cristata
Polycirrus medusa
Polydora caulleryi
Polydora quadrilocbata

Polydora socialis
Polyphysia crassa
Praxillella gracilis
Praxillella praetermissa
Prionospio Steenstrup
Proclea graffii
Pygospio elegans

Rhodine gracilior
Sabellastarte sp.
Scalibregma inflatum

Schi st omeri ngos caeca
Scoloplos armi ger

Sigambra tentaculata
Sphaer odori di um sp. A
Sphaer odoropsi s biserialis
Sphaer odor opsi s m nuta
Sphaer odoropsis sp. A
Sphaer odorum gracilis
Sphaerosyllis eri naceus
Spi 0 filicornis

Spiochaetopterus typicus
Spi ophanes bombyx
Sternaspi s scutata
Syllides longocirrata
Terebellides stroemi
Tharyx ?Zacutus

Travisia sp.
Trichobranchus glacialis
Trochochaeta carica
Trochochaeta multisetosa

Typosyllis cornuta
Typosyllis fasciata
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Table 39.

Pelecypod voucher specinmens sent to California Academy of Sciences

Speci es

Nucula bellotii
Nucula bellotii
Nuculana nminuta
Nuculana pernula
Nuculana radi ata
Portlandia arctica
Portl andia frigida
Portl andi a lenticula
Yoldia hyperborea
Yoldia myalis

Bat hyarca glacialis
Crenella decussata
Dacrydium vitreum
Musculus coOrrugates
Musculus di scors
Musculus ni ger
Arctinula greenl andi ca
Axi nopsi da orbiculata
Thyasira equalis
Thyasira gouldii
Mysella planata
Cyclocardia crebricostata

Smth/MliIntyre
grab nunber

Astarte crenata
Astarte borealis

Ast arte nont agui
Clinocardium ciliatum
Serri pes groenlandicus
Macona cal carea
Macoma loveni

Macoma noest a

Li ocyma fluctuosa

Mya pseudoarenaria
Hiatella arctica
Pandora glacialis
Lyonsia arenosa
Periploma aleutica
Thraci a devexa
Cuspidaria glacialis

1436- 11
1462- 11
1546- 18
1630- 15
1102

1434-13
1448-13
1639- 15
1378- 07
1374- 08
1643- 14
1448-13
1646- 14
1637- 16
1089

1085

1456- 09
1454- 11
1624-13
1093

1342-14
1123-19
1647- 14
1339- 16
1577-15
1545- 16
1107- 12
1470- 15
1557- 12
1334- 14
1386- 10
1475-10
1437-07
1468- 13
1469- 12
1578- 11
1647- 14
1641- 16
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Speci nens

+ 1 pair valves
pair valves
1 + valves

+ 3 valves

broken pair val ves
broken pair val ves

+ 2 pair 3 valves
valves

+ 2 pair valves

+ 2 pair val ves

valves

mat ched pair + 1 val ve

o

9 + 1 pair valves
pair valves

mat ched pair + 2 valves

pair valves
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